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CHEMICAL  REACTIONS  OF  SULFUR  AND  NITROGEN  MUSTARDS 

By  William  II.  Sirin  • 


IQ. I  INTRODUCTION 

Tilt:  FiiYKioMMiit'At.  »:m:<Ts  of  n  chemical  agent 
an’  a  consequence  of  chemical  reactions  in 
whit’ll  tlio  agent  participates  in  the  Issly.  A  knowl¬ 
edge  of  the  nature  of  tfiesc  reactions,  therefore, 
should  la*  of  assistance  in  elucidating  the  physiologi¬ 
cal  mechanism  of  tlu*  action  of  the  war  gases.  In  tin* 
enM’  of  the  sulfur  anil  nitrogen  mustards,  tin*  work  on 
physiological  mechanism  was  umlertaken  primarily 
in  tlie  hope*  that  the  information  thus  gaineit  wihiIiI 
la*  of  assistance  in  tlie  design  of  measures  to  protect 
personnel  exposed  to  vesicants,  and  would  also  la*  of 
aid  in  the  formulation  of  a  rational  therapy  for  vesi- 
eant  casualties. 

In  more  coneretc  terms,  it  was  hoped  that  a  suit- 
stance  might  la*  found  which  pomessed  the  desirable 
properties  as  an  antisulfur  or  antinitnigen  mustard 
which  have  lieen  demonstrated  for  2,3-dimermpto- 
propanol  (BAL)  ns  an  antinrscni'*al  (see  ( ’hapter  7). 
Tlie  biochemical  approach  which  leil  to  tbe  discovery 
of  BAL  in  Kngland  prior  to  the  entry  of  the  Uniteil 
States  into  World  War  II  has,  tlwnfore,  greatly  in¬ 
fluenced  tlie  work  on  the  sulfur  and  nitrogen  mus¬ 
tards.  It  may  lie  stated  at  the  outset,  however,  that 
this  approach  has  not  met  with  succem.  No  antisulfur 
or  antinitnigen  mustnnl,  in  the  sense  that  BAL  is  an 
antiarsenical,  has  lieen  found.  Moreover,  on  the  liasis 
of  piescnt  knowledge,  it  appears  unlikely  that  one 
will  la*  found.  Before  it  Vwmc  possible  to  draw  this 
essentially  negative  enriclusion,  however,  much  work 
on  all  aspects  of  physiological  mechanism  was  re¬ 
quired. 

The  investigations  to  lie  summarised  in  tilts  clinjw 
ter  have  demonstrated  that  the  sulfur  and  nitrogen 
must-mis  an*  potent  and  relatively  nonspecific  alky¬ 
lating  agents.  In  aqueous  solutions,  nmlci  physns- 
logical  conditions  ot  pH  and  temperature,  they  are 
ee.jmble  of :  acting  with  a  vast  numlier  of  functional 
groups  residing  in  a  host  of  compounds  whose  in¬ 
tegrity  is  vital  to  the  economy  of  the  living  cell. 
Among  the  groups  with  which  the  vesicants  may  re¬ 
act  are  sulfhydryl  groups,  cnrlsixyl  groups,  primary, 
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secondary,  and  tertian*  •dinhatic  amino  grmips, 
lieteroeyelie  nitrogen  atoms  (as  in  imidasole,  proline, 
or  pyridine),  sulfide  groups,  and  organic  and  inor¬ 
ganic  phosphate  compounds.  The  derivatives  thus 
formed  are,  in  almost  every*  case,  exceedingly  stable 
compounds.  Hence,  under  nmditions  compatible 
with  cell  life  there  appears  to  Ik*  little  chance  to  effect, 
removal  of  the  foreign  residue  thus  introduced.  This 
situation  is  very*  different  from  that  found  to  hold 
for  the  nrsrnirala. 

Before  an  attempt  can  Is*  made  to  elucidate  tlie 
complex  reactions  undergone  by  the  vesicants  in  vivo, 
it  is  necessary*  to  have  information  on  tie*  general 
chemical  tractions  undergone  by  these  sulwtances  in 
simpler  in  vitro  systems.  Tliis  eluiptcr,  therefoic,  will 
la*  concerned  exclusively  with  a  description  of  these 
general  chemical  reactions,  with  particular  emphasis 
on  reactions  involving  compounds  of  liiological  in¬ 
terest.  Since  water  is  an  important  constituent  of 
ttiologi-’al  westerns,  much  attention  will  lie  dircc.cd 
to  the  transformations  undergone  by  the  sulfur  and 
nitrogen  mustards  in  water.  In  addition,  it  is  generally 
lielievcd  that  many  of  the  effects  of  vcsicunts  are  u 
consequence  of  the  reactions  ol  these  agents  with 
tissue  cnxymcs  and  proteins.  This  phase  of  the  sul>- 
ject  will  Is*  treated  in  Chapters  21  and  23.  However, 
the  reactions  of  the  vesicants  with  amino  acids  and 
peptides,  which  should  cast  ;*.;*ch  light  on  the  more 
complex  reactions  with  proteins,  will  Is*  examined  in 
some  detail  ir.  this  chapter. 

It.2  CIIKMICM,  REACTIONS  Ol** 

nitiiohkn  mustards 

to.2.1  Transformations  in  Water 

Tlie  transformations  undergone  by  methyl-Ai— 
(£-chlomrthyl)aminc  (11X2)  in  aqucrais  solution  an* 
given  in  Figure  1.  Tbe  sequence  of  reactions  given  in 
the  scheme  is  supported  hy  three  types  of  experi¬ 
mental  rvkkwe,  namely,  (I)  kinetic  studies  in  dilute 
solutions  (up  to  alsait  0.0 1.V ),'*'*  (2)  analytical 
stialies  of  the  inactions  undergone  by  IIN2  in  aque¬ 
ous  Iricarlffinatc  solution  (pH  8)  and  in  unluiffcrfd 
aipienus  solution,*  «•**«»'• -**>  n  an<|  j,*,. 
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tat  inn  in  crystalline  form  of  the  successive  trans¬ 
formation  pnstacts  of  HX2  ami  a  study  of  their 
propntiea.,<i>,utt-M"**IM><*  The  kinetic  studies  are 
.  let  ailed  in  Chapter  20,  v'herrns  the  other  evidence 
in  presented  lielow. 

When  IIX2  rrarts  with  water  at  pH  8  (Mrar’ionatc 
buffer)  it  poo:*  into  notation  raphll.v  with  the  iiliern- 
tlm*  id  nearly  I  cquiv  of  Cl~  and  the  appearance  of 
negligibly  “mall  amounts  of  II4  (Table  1  ).*  It  will  In* 
noted  from  Figure  I  *•*•**  that  thin  in  the  result  to 


action  of  the  cthyicnimnnium  forms  of  11X2  with 
thiosulfate  and  the  use  of  the  thiosulfate  titer  a*  an 
inilex  of  ethylenimonium  formation  ia  dismissed  Ik*- 
low.  Conclusive  evidence  for  the  formation  of  I  ia 
furnished  by  its  isolation  ns  a  crystalline  salt  of 
picrylxulfonir  arid  from  solutions  of  11X2  aged  for 
30  minutes  at  pH  8.*  The  pirrylsulfonn'c  was  identi¬ 
fied  by  its  elementary  composition  and  thiosulfate 
titer. 

Tsana  I.  Hydrolysis  of  mrt hyl -bi*( 0-chlornrt liy  I  )h  mi  no 
( 11X2)  in  IdcnitsHMle  solution.* 

Coorentmllon  of  reactants  per  milliliter:  0.02  mM  of 
11X2- 11(1,  0.02  mM  of  XnOII,  O.flK  mM  <>f  NsllCO,. 
Tcin|»'rntiifi>.  25  C;  pH  8. 

u..  -  *  -r-—' 

LT  liberated  H‘  liberated  consumed 

per  per  inlOminper 

Time  mMnf  HX2  mMof  11X2 (IT  -  II4)  mMof  11X2 


min 

mcquiv 

mcquiv 

mcquiv 

mcquiv 

20 

0.045 

0.08,5 

0.88 

1.13 

m 

1.20 

0.14 

1.08 

1.08 

120 

141 

0.25 

1.08 

1.08 

240 

1.50 

0.48 

1.02 

0.04 

420 

1.85 

0.85 

1.00 

0.82 

1,200 

1.83 

0.00 

0.84 

0.28 

4420 

l.flO 

... 

. . . 

0.00* 

*  This  Tatar  ir^nwata  thr  iMnsalfsO-  rnnsamrd  b  I  hoar. 

As  hydrolysis  in  hirarlNHwte  proceeds,  then*  is 
olwerved  a  slow  lilteration  of  mlditional  Hf  and  Ch. 
The  lil)eration  of  greater  amounts  of  C|-  than  id'll4- 
is  evidence  for  the  formation  of  compounds  contain¬ 
ing  i|tintemniy  nitrogen  atoms.  The  difference  Ijc- 
twren  the  vahtes  for  Cl-  and  H+  liliemteil  represents 
tlic  anuMint  of  quatemarv  nitrogen  present.  It  will 
I  >  noted  from  Tal»k*  1  that  the  thiosulfate  tiler  luw 
deercnseil  markeilly  after  20  hours  witluait  an  equiv¬ 
alent  diminution  in  the  amount  id  quaternary  nitro¬ 
gen.  This  finding  indicates  that  a  portion  id  the 
intermediates  having  ethylenimonium  rings  and 
chloroethvl  groups  havr  been  ennverteil  into  qua¬ 
ternary  nitrogen  compound*  which  do  not  react  with 
thiosulfate  under  these  conditions. 

At  the  end  id  3  days  nearly  the  theoretical  amount 
id  Cl  had  lx*en  lil»e rated,  and  the  1-Itour  thiosulfate 


lx*  expected  on  formation  .d  the  t-methyH-(0-ch!o-  titer  was  very  low.  From  siteh  an  aged  solution  tie* 
rnethyDethylenimoninm  hhi  (f).  The  ryrlisation  id  products  isolated  as  picry (sulfonate*  were  methyl- 
11X2  is  a  special  case  id  the  conversion  id  ehlnro-  diethanolamine  (IV)  in  thr  amount  id  55  per  cent  and 
nlkylnmmes  into  brtcnryclic  mmpinitiil*.*7  Aildi-  thr  dihydroxy  cyclic  rompisind,  X,X'-dimrthyl« 
thmal  evidence  fiw  the  fitfml  nml  nearly  quantitative  X,N '-W/5-hydri,xyrthyl  ipiprnurinium  salt,  in  the 
convernon  <d  HX2  to  »lw*  ethylenimonium  form  is  amount  id  21  per  cent.*  The  dichlonsyilic  dimer, 
proviileil  liy  the  data  given  in  Table  1  on  the  thii»-  X,X '-dime!  hyl- X,X'-ti/*(4-elitarocl  hyl)  jtipinixinium 
Nilfnte  eimsumption  *d  the  solution.  The  rapid  re-  '  salt  (V),  is  not  fiwmeil  in  appreciable  amounts  in  *lte 
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presence  of  bicarl  innate,  hut,  an  will  lie  shown  tutor, 
in  u  mt»/or  product  of  tin*  reaction  of  11X2  in  un¬ 
buffered  solution.  Th<*  two  pipemzinium  derivatives 
V  and  VI,  have  also  lieen  synthesi*cd.M 

The  use  of  thiosulfate  an  a  reagent  for  cthylcni- 
monium  eermpounds  wax  suggeslcd  by  olwerva- 
tums44*  «»n  the  reactivity  of  solutions  tif  HX2  with 
thiosulfate.  The  kineties  of  the  reaction  have  Ireon 
studied,'*  and  the  pmdiic*  (Hunte  salt)  isolate*!.*  It 
will  lie  noted  from  Table  1  that  the  quaternary  nitro¬ 
gen  content  of  the  solution  (Cl-  —  H+)  docs  not 
chnrige  greatly  during  the  transformations  of  IIX2. 
This  quaternary  nitrogen  may  Ire  either  in  the  form 
of  the  imonium  ions  1  and  III,  or  the  compound*  V, 
VJ,  or  VII.  A  study  of  the  isolated  producls  has  re¬ 
vealed  that  these  two  types  of  com|iounds  can  lie 
distinguished  by  their  reactivities  toward  thiosul¬ 
fate.  Thus,  I  and  III  react  very  rapidly  with  thio¬ 
sulfate,  consuming  1  equiv  within  10  minutes*  In 
the  case  of  I,  the  reaction  proceeds  further,  the  re¬ 
maining  0-clilomethyl  group  cyclin'*,  and  a  second 
equivalent  of  thiosulfate  is  consumed  within  the  suc¬ 
ceeding  1 10  minutes,  Compounds  V,  VI,  and  VII  do 
not  consume  thiosulfate  within  24  hours  at.  25  C* 
The  chlonihydrin  (I!)  also  reacts  with  thiosulfate,4 
presumably  with  prior  cycli:  ition  to  III,  0.00  equiv 
tiring  c-msumed  in  10  minutes.  Consequently,  the 
10-minute  thiosulfate  titer  of  an  aged  solution  tif 
IIN2  would  measure  part  of  the  rhlomhvdrin  in 
addition  to  the  imonium  ions  present,  fn  aged  hi- 
carlsmate  solutions  of  IIN2,  the  amount  of  chloro- 
hydrin  present  at  a  given  time  must.  Is-  small,  how¬ 
ever,  anti  tlie  10-minute  thiosulfate  titer  will  give  a 
sufficiently  accurate  meaMire  tif  the  imonium  ion 


concentration.  As  will  lie  shown  later,  the  same  situ¬ 
ation  is  not  met  in  ogl'd  iinbiijTernl  solutions  of  11X2. 

Additional  evidence  for  the  validity  of  tin*  scheme 
given  in  Figure  1  was  provided  by  a  study  tif  the 
properties  of  the  various  compounds  given  in  the 
seiieme,  alt  of  which  have  tiecn  isolated.  Tims,  the 
imonium  ion  (1),  the  isolation  of  which  was  men¬ 
tioned  aliovc,  when  subjected  to  hydrolysis  in  aque- 
oiih  bicarlsinate  gave  analytical  figures  (Table  2)* 
compatible  with  the  mechanism  (Figure  I).  The 
products  of  the  hydrolysis  of  I  wen*  isolated  as 
pinylsttlfonates  and  found  to  lie  the  linear  com¬ 
pound  (VII),  anti  the  cyclic  compound  (VI).*  It  will 
lie  noted  in  Figure  1  that  the  cyelisation  of  IIX2  to 
form  the  imonium  ion  (I)  is  written  ns  a  reversible 
reaetion.,-*I-‘*  Evidence  for  the  validity  of  this  con¬ 
cept  is  p.-ovided  by  the  kinetic  studies  reported  in 
Chapter  20,  anti  by  experiments  with  the  isolntcd 
picrylsullonnte  of  1.  It  has  lieen  found  that,  after 
treatment  of  the  tatter  with  dilute  IICI  for  20  htmrs 
at  25  C,  HX2  picrylsulfonate  is  formed  anti  eon  lie 
isolated  from  the  reaction  mixture.* 

Theeh!:>rohydrin,methyl-/S-ehloroethyl-/S-hytIroxy- 
cthv  lit  mine  (II),  has  lieen  isolated  from  aged  unbuf¬ 
fered  solution"  of  HN2  as  a  salt  of  pirrylsulfonic 
acid.4*  The  chlorohydrin  has  also  lieen  synthe- 
siacd.1*"  On  hvilrolysis  in  a*|uetais  bicarbonate  solu¬ 
tion  tlie  nnalytirr.1  data  (Table  2)  indicate  that  II  is 
transformed  aeeording  to  the  miction  sequence* 
given  in  Figure  I.  From  the  hydrolysate  the  1- 
nothyl-1  -(ft-hydmxyct hy! )ct hylenimonium  ion  (III), 
and  the  cyclic  compound  (VI)  have  lieen  isolated  as 
pien-lsulfonates* 

The  hydrolysis  of  the  picrylsulfonate  of  III  was 


Tasix  2.  Il.vdmlysi*  of  transformation  product*  of  methvl-4>i»(tf-rhl<irnrthyl  In  mine  <  11X2)  in  birnrUmatc 
solution.4 

Concentration  of  me  lint*  |mr  milliliter:  0.02  mM  of  |w-ry!*ulf<mate  of  l,  II,  or  III;  O.flR  tnM  of  XnllCO,. 
Ti-m|icmtiirc  25 C;  p\\  8  (mile**  otlicrwisc  noted). 


(1  lilicmtcd  per  mM  II*  liliemted  |iei  mM  Nn^St),  consumed  in  10  min  per  mM 


Time 

min 

1 

mrquK 

1! 

m  rquiv 

1 

mecfiihr 

II* 

m  equiv 

III 

m  equiv 

1 

m  equiv 

II 

tn  equiv 

lilt 

m  equiv 

20 

0.00 

0.02 

0.*4 

0.01 

1.07 

0.H3 

00 

0.27 

OKU 

0.44 

0.03 

0.12 

0.02 

<1.1*0 

0.81 

1211 

0.5SI 

0.7S 

.  .  - 

.  «  . 

0.84 

.  .  • 

ISO 

0.00 

0.14 

0.20 

.  .  . 

0.85 

0.00 

210 

O.Htl 

II 0 

.  .  . 

0.54 

... 

420 

0.04 

1.37 

. . . 

,  .  . 

0.20 

1.2110 

0.!I7 

1.02 

1  rat 

0.40 

0.07 

0.00 

0.30 

o.tn 

1.00 

0.00 

o.no 

♦  Cotrectctl  f.w  ||*  atwnt  fr«*n  |«Ht)(«ulftgrtr  Thn  mm*  fonutl  to  he  I  *  r*y«r  prt  mM  *4  It  |»m  tMhftmaTr. 

t  TV  rt»t  *4  «|m|SR-aratier  <4  tit  in  anran.  loir  Mi«rni|wl  ikan  m  the  raw  <4  (hr  acme  <4  tfar»«-hl**<4n«tnn  *11*  In  ilrMterMini- 

nnrt  4  hr  anrtml  pit  war  7-3  awl  par  to  HJ  after  Jfl  hrmr».  «Vr>a»  in  tlr  eipermml  mlh  Ilf  (hr  ttnfml  pi  I  wm*  %  I  atari  par  to  *7  afier  Jit  hunt*.  Tlr 
mtftsl  pH  an  thr  rfi|«v*4iti)ttp  rtpnnrm  ma, .  (I  *4«rr.  etpUiu  *hr  gr*mi*-r  |»tMdi  (we  <4  III  tn  tlr  trd  ef,lor<4o«lrm  riltilion. 
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also  studied  (Tahir  2).  The  data  indirato<l  that  III 
was  transformed  into  VII  and  mcthyldictlianolaminc 
in  20  hours.  Both  sulistnncc*  worn  isolated  from  the 
hydrolysate  as  pierylsulfonatcs,  the  amount  of  VII 
corn**|*mding  to  (S3  prr  cent  of  tin*  theoretical  maxi¬ 
mum.  Compound  VI  was  not  obtained.* 

It  should  Is*  pointed  isit  that,  after  hydrolysis  «*f 
IIX2,  tin*  relative  amounts  of  the  varimi*  end  pnsl- 
uets  (riven  in  Figure  1  will  vary  depending  upon  the 
concentration  of  HX2  employed.  In  very  dilute  solu- 
tions  hydrolysis  to  methyldiethanolamine  prvdom- 
innte*  (Chapter  20).  As  the  eoneentnttion  of  1IN2  is 
mists),  however,  fonnntion  <»f  rompraind*  such  ns  V, 
VI,  or  VII  is  increased,  and  hydrolysis  is  reduced. 

The  possible  use  of  tlie  nitrogen  n.  :stnrds  as  water 
contaminants  made  it  imperative  to  study  in  some 
detail  the  reactions  of  these  e>impounds  in  unbuffered 
aqueous  i*ihitH>n.'n*-,,-5,*h*,'*‘M*  a  Particularly  was 
this  the  case  since  it  had  !*con  found  that,  upon 
standing  at  room  temperature  for  48  hours  or  longer, 
I  per  cent  aqueous  solutions  of  11X2  exhibited  a 
ncumtoxic  action  upon  administration  to  experi¬ 
mental  animals.57*  '•  *•**•** 

The  aging  of  I  per  cent  aqueous  solutions  of  !!X2 
was  foliowed  by  determination  of  II*  and  Cl-  liliera- 
tion  and  thiosulfate  titers.  Tlie  solutions  reached  a 
steady  state  in  from  48  72  hours,  and  the  toxicity 
remained  unaltered  over  a  peril*!  of  weeks.57»-,,-*  *J‘ 
Tlie  composition  of  I  per  cent  solutions  of  HN2  aged 
for  48  hour*  was  studied,  and  it  was  found,  by  Ime- 
t innation  of  piemtes,*5  that  the  solutions  contained 
25  p-r  cent  of  tlie  dimer  (V),  15  per  cent  of  un¬ 
changed  IIN2,  and  35  js-r  cent  of  the  chlnmhydrin 
(II ).  Ijiter  these  figures  were  amended  to  25  per  cent 
of  V,  20  per  cent  of  unchanged  HN2,  35  per  cent  of 
the  ehlorohydrin  (II),  and  20  per  cent  of  methyl- 
diethanolamine*  ”  The  v-hues  for  the  last  two  c*m- 
pounds  were  ln;*cd  on  analytical  rather  than  isolation 
data.  It  was  bnind,  however,  that  pirrylsulfonic  acid 
was  a  lietter  reagent  than  picric  acid  lor  tlie  isolation 
of  the  component*  of  aged  solutions  of  IIX2;  cleaner 
separations  and  much  higher  total  yields  were  ol»- 


tuined.  Accordingly,  the  picrylsulfotiatc  isolation 
pnxaxliiri'  was  applied  to  the  following  18-hour  aged 
solutions  of  I1X2:‘  11  (I)  a  I  |*>r  cent  solution  of  die 
irre  Iwse,  (2)  a  1  per  cent  solution  of  tlie  Imsc  con¬ 
taining  I  cquiv  uf  Nad  (fmm  neutralist  ion  of 
IIX2- lid),  and  (3),  a  1.5(1  per  rent  (0.10  M )  solu¬ 
tion  of  the  liose  containing  I  equiv  of  Xad.  The 
results  of  these  experiments  are  given  in  Table  3." 
It  will  lie  noted  that  tlie  presence  of  XaCI  and  or  an 
increase  in  initial  concentrations  of  IIX2  lorn  Is  to  an 
increase  in  the  amount  oi  the  dimer  V,  and  a  de¬ 
crease  in  tlie  extent  of  hydrolysis.  The  amount  ot 
unchanged  IIX2  remains  fairly  constant. 

Prior  to  the  isolation  procedure,  tlie  aged  solutions 
were  anatyaed  for  CT*  and  II*  lilierated,  and  2-liour 
thiosulfate  titer.  A  comparison  of  tin*  analytical  and 
isolation  data  (Table  4)“  should  reveal  change*  in 
the  composition  ol  the  ageil  solutions  pn*luccd  by 
t Im*  experimental  procedures  Incident  tu  the  isola¬ 
tions.  Tlie  data  in  Table  4  indicate  that  all  of  tlie 
car!*m-i>ound  chlorine  luis  liccn  accounted  for,  blit 
tluit  there  remains  unuccountixl  for  some  quaternary 
m'regpn  containing  material  which  muds  with  thio¬ 
sulfate.  Hits  material  is  proixibly  the  imonium  ion 
(III).  Rome  mcthyldiethanolnminc  also  tin*  pmlmhly 
escape*!  isolation. 

From  the  result,:  given  al*>ve,  it  would  ap|ieur  that 
the  compmition  of  48-h*mr  aged  solutions  of  11X2  is 
known  within  narrow  limits.  Tiie  t*ixieity  of  such 
solutions  way  lie  asrrilied  to  the  presenre  of  tlie 
ehlorohydrin  (II),  unrhangnl  IIX2,  and  possibly  also 
to  a  small  amount  of  tlie  imonium  ion  (III).*-,1*I,*J* 
For  tlie  decontamination  of  water  supidies,  tlierefore, 
proee*lures  should  lie  directed  t*»  the  removal  or  de¬ 
struction  of  these  sulistances. 

Studies  similar  to  those  given  in  detail  for  IIX2 
have  also  lieen  performed  on  several  other  mcm!x*r* 
of  the  nitrogen  mustard  series  (for  kinetic  studies  see 
Chapter  20).  They  may  lie  summarised  briefly  as  fol¬ 
lows:  In  the  enar  of  ethyl-hist 0-elilt in  ic  t  liv  I  hitni  lie 
(IIXl),  tlie  same  series  of  reaction:;  given  in  Figure  1 
have  liccn  f< Hind  to  «x*eur.M,*u-M*  It  is  noteworthy, 


T\m.r  3.  of  4H-tssir  a*ed  isiiiitions  of  mrihyl-busH-rhloDM'lliybitmine  (IIX2).U 


l’«sn|»sie»ils  totaled 

Mrthyldi- 

(.’onrrtilmlion 

lAtrldiWoeyrlie 

(‘lilomlivdrin 

ctlmnol- 
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NaCS 
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(II). 
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II.' xa. 
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1 
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22 

AH 

2 
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1 
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3 
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7\»im  4.  Anr.ly.iH  of  .H-hour  r^rrt  sd.ithms  «f  nv«thyl-6(VK^M.mw  l|:yl)nmirH'(IIN2i."  (Values  in  |a.nntlH-.*s  »«■  ml 
ntlnlnl  fmm  innliitiiM  (Inin  jiwn  in  Talilc  3.)  _  _  _ 


Concentration 
of  11X2, 
l»rrrnt 

N«(1 

(1~  lilmtd 
prrmM  HX'2 
mcqinc 

Csrlsm-UaiiKl  Cl 
prrmM  IIX2 
m  equiv 

It*  lilinwtrd 
prrmM  HX2 
m  equiv 

Qutitrnuiry  X 

(«-  -  in 

.■>  m  equiv 

sumni  in  2  iirs 
prrmM  11^2 
mcquiv  ‘ 

1 

1.50 

Alwnt 

PnwnI 

Present 

1.00 

(0.81) 

o.tm 

(0.00) 

1.00 

(0.84) 

t. no 
toon 

1.01 

(0.08) 

1.00 

(0.09) 

0.00 

(0.02) 

0.04 

(0.05) 

0.54 

(0.40) 

0.34 

(0.22) 

0.35 

(0.31) 

0.40 

(0.44) 

0.87 

(0.80) 

0.73 

(0.07) 

0.03 

(0.55) 

however,  that  UNI  appears  to  form  dimeric  pn*l- 
uets,  analogous  to  V  or  VI,  much  less  mulily  than 
.hies  UX2.*a,w  The  following  transformation  prod¬ 
ucts  have  I  icon  isolated  from  n^vd  solutions  of  UNI, 
and  their  chemical  and  toxicological  propclies  in¬ 
vestigated  (see  Chapter  22):  l-cthvl-l-UMdom- 
ethyl)ethylenimonium  picrylsulfonnte,*  dhyl-0-chlo- 
nrthyH^hydroxyethylamine  picrylsulftmnt'*,*  1- 
et hv I- 1  -(0-hydroxyet hvl  )ct  hvlen im« mi u m  picryls.il- 
fonate.*  Tin*  dimeric  eoinjiound,  X,N'-diothyl-N,N'- 
fc»s(/J-ehloniethyl)piperaiinium  dichloride,  has  not 
licen  obtained  after  hydrolysis  of  11X1  in  water,  Imt 
has  licen  isolated  fmm  aged  methanolic  solutions  of 
11X1.*  Formation  of  the  dimer  is  noticeably  slower 
in  the  can*  of  I1NI  than  in  the  case  of  11X2.“ 

The  reactions  in  water  of  other  homoligs  tif  11X2- 
have  alsti  lieen  studied,  although  not  in  so  great  tie- 
tail  (see  Chapter  20).  The  liehuvior  tif  ‘lie  e-propyl 
ami  isopropyl  compountls  has  lieen  ftaintl  to  resemble 
UNI  rather  than  11X2“  Tims,  Is.th  ctanptaintis 
show  little  if  ,inv  tentlency  to  ft»rm  tlimeric  pnslucts. 
N,  N'-di-w  -propyl  -  N.N'-Ws  (0-ehtoroet  hvl  )pipem«i- 
nium  tlichloritle  has  Iss-n  isolatetl  front  aged  metha- 
nolic  stilutions  tif  fi-pnipyI-hM(/J-ehlonirthy1)aminc, 
hut  thcconvsptindinj'isoe'opvl  comptamd  cta.ltl  not 
lie  induced  to  dimeriao  untler  these  conditions.*1 
The  transformations  untleryooe  hv  /r/*(0-chl«iro- 
ethyDnmine  (11X3)  in  water  liave  lieen  sl.slietl  in 
dotuil.*"*;T,,re  This  sulistnnce  differs  fmm  IIN2 
anti  its  hon.olog*  in  that  it  possesses  a  markedly 
ltiwer  soluliility  in  water,  tjualitntiv.ly.  however, 
11X3  Iwhaves  in  a  manner  analogous  to  UNI,  with 
tht*  exception  that  thrre  imonium  it»ns  are  formetl 
suceessi'-elv  from  the  three  0-ohloroethyl  groups. 
The  hrst  imoniuin  form,  l ,  I  -{,••<' d-t  l'lorts't  hvl  )et hvt- 
enimonium  ion,  is  extremely  reactive,  untlergoing 
livtlnilysis  or  reaction  with  oth»*r  grtsips  (c.g.,  thio- 
sulfaie)  very  rapidly.*  •“  For  this  reason,  the  sul>- 
slance  has  not  lieen  isolatetl.  Its  formation  has  lieen 


established  tin  the  liosis  of  kinetic  (see  Chapter  20) 
ami  analytical  studies.*  The  following  transformation 
pnslucts  tif  IIN3  have  licen  isolated,  anti  their  chemi¬ 
cal  anti  toxirtMOgical  properties  stud  its  I  (sec  Chap¬ 
ter  23):  6is(a-chlortiothyl)-/^hydroxyethylamiiie  pic- 
rylsulfonate,*  l-^hloro.'thyl-l-(J-hytlrtix.wthylc«h- 
ylenimtmium  pierylsulftinate,*  ftidd-hydr  axyct hvl  )- 
jS^-hlortiethylamine  pivrylsulfcnate  *  anti  pscrate,*5 
l,l-6/sO-hyilroxyethyl)ethylenimoniumpicrylsulfon- 

nte,*  anti  triethanolamine  pierylsulftinate.*  Two 
cyclic  prtHlucts  have  also  lieen  olitainctl  in  low  yield. 
These  are  tin*  dimer  of  IIX3,  X,N,X',N'-f rtrakiMfi- 
fhlorocthvhpipcrasinium  tlichloritle  **  (synthesis),” 
and  X,X'-6MO-chloniethyl)X,X  *6»*(^*h;sln»xy- 
ethyhpipemxiniun.  tlipierylsulfonnte.*  like  UNI, 
htiwexer,  11X3  shows  little  tendency  to  form  tlimeric 
products,  the  preponderant  reactions  lining  th«M*  of 
hydrolysis.*  In  unlsifferrd  solution  the  hydrolysis  of 
UX3  slows  down  and  attains  a  sternly  state  in  M- 
72  hours  re*-*’-**  The  principal  product  in  such  an 
ag.il  solution,  as  revealed  hy  uniilytieal  anti  is«*la- 
linn  dam,  is  6»*((Fehkinicthyl)-0-h,vdroxycthy1n- 
.nine,t  ’,he  olthtsigii  his(/J-hydroxycl  hyl )-0-chloro- 
ethylamine  has  also  lieen  isolated  as  a  picrate.a 

Reactions  of  /3-Chloroelhyl 

(Groups  with  Compounds,  of  Bioclientical 
Interest 

,\s  will  lie  shown  in  this  section,  the  nitrogen  mus¬ 
tards  are  capable  tif  combining  with  a  with*  variety'  tif 
chemical  groupings.  In  every  case  in  which  a  reaction 
hns  lieen  investigated  in  detail,  however,  it  has  lieen 
found  that  cy dilution  to  the  imoitlnm  form  must, 
occur  as  the  (list  step.  Ctmset|uently,  when  state¬ 
ments  an*  matle  in  the  following  pages  eonreming  the 
reactivity  of  the  nitrogen  mustards,  it  is  always  as¬ 
sumed  that  it  is  the  inonium  form  of  the  vesicant, 
which  is  arttially  involved  in  any  miction.  Support 
for  this  assumption  conw-s  from  kinetic  studies  of  the 
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reaction  of  the  nitrogen  mustards  with  ion*  such  an 
thiosulfate,  thiocyanate,  alaninc-carisixylatc  (see 
Chapter  20).  Additional  evidence  confirming  this 
view  was  obtained  l>y  a  study  of  the  mart  ion  of  IIX2 
with  the  amino  groun  of  alanine,  glutamic  acid,  and 
glyeylglyeine.*  It  was  found  that  in  the  reaction  with 
alnninc,  no  amino  nitrogen  disappears  until  after  the 
first  e»|ui  valent  of  Cl~  has  Ijren  liliemte*!.  The  rate  of 
tlw*  appt'iimnro  of  Cl-  is  unaffected  by  the  presence 
of  alanine.  The  formation  of  H+,  however,  coincide* 
witli  the  di.appeamnee  ol  amino  group*  and  is  faster 
in  the  presence  of  alanine  than  in  its  al>senee.  More¬ 
over,  it  has  licrn  shown  that  alanine  and  a  niirolwr  of 
other  sulmtanec*  increase  the  rate  of  the  disap|iear- 
nnee  of  !s>th  imoniitm  hums  of  HX2.* 

It  hasl>een  ftnind  that  the  nitrogen  mustard*  mart 
readily  with  the  Iwsic  nitrogen  atoms  in  a  wide  vari¬ 
ety  of  compounds.  Titus,  reaction  has  lieen  noted 
with  the  primary  amino  groups  of  amino  acids  and 
peptides,*  with  the  secondary  anti  tertian-  amino 
gnni|is  of  aliphatic  amines,*  **'  anti  with  the  nitrogen 
attun  of  cyclic  ami  -e*.*  •%h 
The  reaction  tif  the  nitrogen  mustards  (11X1, 
HN2,  anti  11X3)  with  ihe  amino  groups  of  amino 
acitls  anti  peptities  was  studied  by  determining  the 
extent  of  the  tlisi.ppoaranrc  of  amino  nitrogen  with 
the  aid  of  the  Van  Slykc  nitrous  arid  methisl.*  Tlw* 
billowing  amino  acids  anti  peptities  were  investi¬ 
gated:  glycine,  alanine,  serine,  threonine,  glutamic 
Held,  lysine,  arginine,  histidine,  0-nlmiinc,  phenyl¬ 
alanine,  tryptophane,  methionine,  and  glyeylglyeine; 
tymsineamitle  acetate  anti  lienaiyllysino  amide  (ftir 
IIX2  only):  leueylglyeine  anti  leueylglyeylglyt im* 
(f«w  IIXl  anti  11X2  tmly).  It  was  ftsiml  that  toe 
three  nitrogen  mustards  mart  readily  with  the  amino 
gnmps  tif  almost  all  the  odist  antes  examined,  the 
extent  t»f  the  reaction  Iw.’lig  increased  at  mote  alka¬ 
line  /ill  values.  At  pH  8,  tire  reactivity  of  the  three 
nitrogen  mustard*  was  nlssit  tlw  same.  Untler  tlio 
nmtlitions  employed,  lie  tween  0.35  anil  0.50  eqiriv 
tif  the  amino  group  reacted  pe*  etprivalent  of  I  lie 
0-ehloroethy!  gnsrp.  The  amino  gnmp  of  peptities 
wns  somewhat  mom  tractive  titan  that  of  simple 
amino  acids.  Fnwn  these  experiments  it  was  also  ctm- 
eludetl  that  the  nitrogen  mustards  mart  readily  with 
tin-  imidngtile  nitrogen  of  histitiine.  anil  that  11X3 
reacts  with  the  sulfiilc  sulfur  of  methionine  (see 
p.  390).  At  pll  8,  however,  the  nitrogen  vesicants  do 
not  appear  to  mart  with  the  phenolic  hydroxyl  of 
tynwino  or  the  irnltde  nitrogen  of  tryptophane.* 

TIh1  product  tif  tlie  reaction  of  HX2  with  plienyl- 


alanine  at  pll  9.5  was  isolated  and  found  to  have  tilt* 
stntetuie  VIII.* 

(DOM 

CIU'II.XIK'IK’IM'.lf, 


(lid’ll,  Ml( •|ICIW,!I« 


In  the  mtu'tion  of  alanine  with  11X2  at  /ill  8,  how¬ 
ever,  thi'  product  was  Micvcd  to  have  the  structure 
IX* 

CIWII, 

+  /  \  + 

Clld’IIMK’lhC’lhX  XCIW’lbXIK’IKII, 

COOII  I  Y’lhClb  1  COOII 

(’ll.  (II, 

tlXl 

The  compound  was  not  isolated,  but  its  constitution 
was  surmised  on  the  Imsis  of  analytical  data  (!l+  anti 
O-  lilieration,  disappearance  of  amino  nitrogen,  anil 
thiosulfate  consumption)  obtained  in  the  course  of 
the  reaction. 

The  ability  of  a  given  nitrogen  mustard  to  react 
with  snetmtlary  or  tertiary  aliphatic  amines,  or  with 
eyclie  amines,  was  measured  by  one  or  Isitb  ot  two 
melbisls.  In  one  methisl,  tlie  thiosulfate  metiitsl,5*' 
♦Ik*  amine  sntl  the  nitrogen  mustard  wem  held  in 
at|Urtiiis  solution  anti  the  unmoetod  nitrogen  mustartl 
determined  by  thiosulfate  titratiiMi  at  any  desired 
time  intm-al.  In  the  seroml  methisl,*  tlie  nitmgen 
mustard,  together  with  altuiine  anti  the  secondary, 
tertiary,  or  «yelie  amine  untler  investigation,  was 
allowed  to  mart  in  atpietHis  solution  at  pll  8  lor  21 
hour*.  A*  tin*  end  of  this  time  the  extent  of  the  disap¬ 
pearance  of  alanine  amino  nitrogen  w-as  measured 
•mil  compared  with  the  result  obtained  when  Ihe 
amine  untler  investigation  was  aljsrht.  If  tlie  amine 
I  icing  investigated  reacted  with  tlie  nitrogen  mustard, 
the  amount  of  the  latter  available  for  maction  with 
alanine  would  Is*  decreased  anil  tin*  extert  of  the  dis¬ 
appearance  of  amino  nitrogen  vtsild  Is*  reduced. 
Thus,  the  traction  lietwccn  a  nitrogen  mustard  anti 
alanine  was  used  to  determine  vhctlicr  tlw  nitrogen 
mustard  marted  witli  n  given  sulistanee,  anil  furtlwr 
to  obtain  an  estimate  of  tlie  rate  of  this  maction  rela¬ 
tive  to  tlie  rate  of  the  maction  of  the  nitrogen  mus¬ 
tard  with  alanine.  This  second  method,  calk'd  the 
competition  method,  is  similar  in  principle  to  the 
or.c  o*cri  in  studying  (lie  chemical  reaction*  of  l!.i,r 
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It  «w,  fcsimi  that  tertiary  amines,  Imth  aliphatic 
and  cyclic,  tenet  more  completely  with  the  nitrogm 
mustard*  than  do  secondary  or  primary  amines, ^ 
In  tin*  aliphatic  series  the  introduction  on  the  nitro¬ 
gen  of  two  or  more  alkyl  gnsip*  larger  than  owthyl 
interferes  markedly  with  the  reaction.5*"  The  replace¬ 
ment  of  one  methyl  gnaip  hy  an  ethanol  or  acetic 
acid  radical  does  not  inhibit  the  react  ion.1*’  The 
prisluct  of  the  reaction  of  11X2  with  methyMictha- 
nolamine  was  isolated  and  found  to  have  the  struc¬ 
ture  X.»  "• 

IKKRCH,  CIM'IMMI 

\+  ■+-/ 

XtWIhXClWH.X 

HtK i Wit/  i  I  I  (iwiwm 

tit,  tit,  tit, 

(X) 

In  the  cyclic  series,  several  substance*  of  great  re¬ 
activity  were  encountered.5*'  The  most  reactive  com¬ 
pounds  appeared  to  Ire  those  containing  two  or  more 
nitrogen  atoms  separated  hy  methylene  groups,  such 
os  diethylene  tetramethvlene  tetramine  and  hexa- 
methvlene  tetramine.  Tlic  main  prorluet  of  the  re¬ 
action  of  11X2  with  hexamefhylene  tetramine  in 
water  was  found  to  lie  XI.5** 

CKiWit.XCiW  lf-X(Cit,V(X), 
til, 

(M> 

From  the  biochemical  point  of  view,  it  is  of  intend 
that  pyridine  itself,  and  the  pyridine  nitrogen  in  sttli- 
stanre*  such  as  pyridoxinr,  nicotinic  arid,  ami  nico¬ 
tinamide  react  readily  with  the  nitrogen  mustards  to 
form  pyridinium  derivative*  *  The  compounds  formed 
from  IIX2  ami  I  crpiiv  of  pyridine  or  nicotinic  acid 
have  Iwn  isolated  and  found  t<»  hjive  the  structure 
XII,  where  R  represents  either  '.lie  pyridine  ring  or 
I  he  3-rnriiovypyridtnr  gnsip.* 

til, 

i  + 

HOtiWi«,XtiWi!,X!t 

OCttl 

It  shiadd  lie  noted  as  well  that  the  nitrogen  mus¬ 
tards  react  readily  with  the  imino  nitrogen  of  proline, 
ami  with  tlie  imhltuok-  nitrogen  of  aretylhistidine 
and  imldngolc.*  Reaction  with  thiamin,  wlenuslne, 
adenylic  acid,  anserim*,  enmosim',  and  sam^ine  has 
also  lss>n  ^*^nrr^•c<l.‘  -,,• 

hviilenre  lias  l«c  olitained  that  the  nitrogen  mus- 
tanls  can  nuct  with  rnrisixyl  grump*.*-'*  In  the  case 


of  IIX3,  tlie  products  of  tin*  reaction  with  sodium  ac- 
etyhieliyilrophenylalanim*  and  sodium  acetyldeliy- 
drophenylalimyldehydrophenylalnnine  have  lieen  iso¬ 
lated  and  found  to  lie  triacyl  derivatives  of  trietha¬ 
nolamine.*  The  reaction  product*  of  11X3  with  ncetate 
and  hippurate  haw  not  lieen  isolated,  hut  the  extent 
of  esterification  (25  per  cent,  umler  tlie  conditions' 
employeil)  has  lieen  determined  by  saponification 
equivalent.*  For  IINI  and  11X2  it  lias  lieen  found 
that  rraetion  with  cnriwxyl  groups  does  not  oruir  so 
readily,  nor  are  the  react  ion  product*  so  stable  ns  in 
the  case  of  11X3.  Thus,  kinetic  studies  haw  shown 
that  the  first  ethylenimonium  ion  derived  from  IIX2 
reacts  with  propionate  in  aqueous  solution  at  pH 
7.!  "  The  resulting  ester  of  methyldietlnmolamine 
was  found  to  lie  unstable,  however,  saponifying  with 
surh  rapidity  that  little  or  no  ester  could  lie  detected 
in  the  reaction  mixture  after  24  hours.  The  carlsmic 
arid  ester  is  apparently  even  more  unstable  in  dilute 
aqueous  solution."  Such  esters  are  formed  and  hydro¬ 
lysed  at  a  rate  much  greater  than  the  direct  hydroly¬ 
sis  of  the  imonium  ion  of  HN2.  In  effect,  therefore, 
these  carimxylate  ions  catalyse  the  hydrolysis  of  the 
imonium  ions."  It  may  lie  mentioned  that  no  saponi¬ 
fiable  esters  could  lie  detected  after  18-24  hours 
when  IINI  or  IIN2  were  allowed  to  react  with  sodium 
acetate  or  sodium  hippurate.*  In  competition  experi¬ 
ments  with  alanine  as  the  reference  sutwtanec,  no 
evidence  for  rraetion  of  acetatewith  IIN2  waa  found.* 
It  appeared,  however,  that  hippurate  reacted 
sligbt'y,  and  that  rarlmlirnioxyghitamk'  acid  and 
carl  *  ri  *rn goxynspari  ie  arid  reacted  appreciably,  with 
11X2.*  In  the  latter  cases  it  seems  pn risible  that  it  is 
the  T-cariwxy!  of  glutamic  arid  ami  the  />-earls>xyl 
of  aspartic  ackl  which  are  involved.  In  contrast  to 
IIX2,  rarisriiensoxyghitamic  acid  does  not  compete 
at  all  "ith  alanine  for  miction  with  IINI.  The  re¬ 
sults  summariacfl  allow  make  it  appear  pnrimblc 
that  the  onler  of  reactiiity  of  the  nitrogen  mustards 
toward  cnrimxyl  gnsips  is:  11X3  >  HN2  >  IINI.* 
There  is  aimmlant  evhlence  to  imliente  thnt  all  of 
the  nitrogen  mustanls  react  readily  with  snlthydry! 
groups.*  '"—  Tlie  reactions  of  IINI,  IIX2,  and  11X3 
with  thiosulfate  Jiaw  rm-ived  particular  atton- 
tion.*'"-**  (tor  the  kinetics  of  tlie  reaction,  see  (Chap¬ 
ter  20.)  The  reactions  of  11X1,  IIX2,  and  HX3  with 
thiosulfate  proceed  su  rapidly  that  even  in  dilute 
solution  tin*  inumium  Ions  combine  quantitatively 
wi»h  thiiMilfatr  ami  hydnriysis  is  suppressed.  Hcfcr- 
em,-  to  the  high  reactivity  of  thkisulfate  lias  already 
lieen  mmlc  (p.  391*.  IIX1  and  IIX2  combine  with 
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2  equiv,  am!  IIX3  with  3  eipiiv  of  thiosulfate.  Tho 
product  of  the  reaction,  the  Runte  salt,  has  Iron 
isolated  in  each  case.*  The  behavior  of  thrarvanatc 
is  qualitatively  similar  to  that  of  thiosulfate.1*  The 
nitmgon  mustanls  also  react  very  readily  with  the 
mitfhydryl  gmup*  of  cysteine,  glutathione,  and 
6i*(0*mcmiptfrtliyD  sulfide ,e  The  pnMtuct  of  the 
reaction  lietween  IIX2  and  cysteine  was  Minted  and 
found  to  lie  the  bf*-8-cvsteinyl  <lerivative.K  With 
potassium  toluenethinsulfonnte,  11X2  gives  the  cor¬ 
responding  b>s-thiosulfonate  ester.* 

As  a  result  of  studies  with  free  omiuo  acids,  it  was 
stated  on  p.  394  that  IIX3  reacts  with  the  sulfur  of 
methionine.  However,  the  evidence  concerning  tlie 
re»  ivlty  of  11X1  nnd  IIN2  towanl  methionine 
sultur  is  cquiviM-ol.*  On  the  other  hand,  hy  utilising 
the  competition  method,  it  cmild  Is*  shown  definitely 
that  all  three  of  the  nitrogen  mustards  cfs.ihincd 
..ith  the  sulfur  of  thiodiglyeol,  presumably  with  the 
formation  of  n  stilfonium  salt.*  The  nitrogen  mils- 
tanls  also  react  with  inorganic  sulfides,  polysulfidcs, 
anil  bisulfite.41  •** 

In  view  of  the  importance  of  pluwphate  nnd  phos- 
phorvlatcd  eompiainds  to  the  economy  of  the  living 
cell,  it  is  of  interest  that  the  ni.mgen  mustards  have 
I  sen  found  to  react,  witli  Isith  inorganic  nnd  organic 
phosphates.*  "51-  Tlic  extent  of  the  reaction  was  mrjut- 
uml  hy  determination  of  inorgni.ic  phosphate, *-J,h 
and  hy  tho  laninc  eompetition  method.571’  TIjo  fol¬ 
lowing  eompcsinds  .vere  found  to  react  with  11X2: 
XnjIlRO,,  NaiPjOr.  sislium  glyeemphosplmte,  frue- 
tose-l-  ami  fnirtiMr-tV-pliosphate,  glucose-3-  and 
glucosMI-phospImte,  eytidine  diphos|iltate,  ami  nde- 
nnsine  triphosjihate.  Theophylline  glucosidc  ami 
desoxyrilsiso  were  inactive. 

When  one  of  the  (J-chloroctlivI  gnsips  of  a  nitnr- 
gen  mustard  reacts  with  .i  gi.-en  functiomd  gnsip,  it 
is  to  lie  expected  that  I  lie  chemical  nature  oi  tin* 
g.tiup  which  is  intnsluccd  into  the  nitrogen  mns«arl 
will  influence  the  reactivity  of  the  second  ehlomrtliy! 
gnsip.  The  valiility  of  this  supposition  was  supporteii 
l»y  experiments  with  monosulistittttcd  derivatives  of 
11X1  ami  MX2.*  •*  The  derivatives  were  prepared  liv 
allowing  the  rhiiinrthylctliylcnimoniiim  piety lsul- 
fonate  of  I IX I  or  11X2  to  react  in  acetone  solution 
with  tlic  desired  compound.  The  pmducts  wen*  iso- 
lateil  as  pierylsulfonatc*.  The  following  monosulMi- 
tutnl  fieri vatives  were  examined :  the  pyridine  ami 
mcthvlilicthanolainim'  derivatives  of  HXl  and  11X2, 
ami  the  nicotinic  arid,  liexamethylene  tetramine,  anti 
thiisliglycol  derivatives  of  IIX2.  It  was  found  that 


the  monnsubstituted  derivatives  of  Isith  HXl  and 
HN2  reacted  more  slowly  with  aqueous  thiosulfate 
than  did  the  corresponding  chlonthydrins.  Moreover, 
the  HN1  derivatives  consumed  thiosulfate  more 
rapidly  than  did  (he  corresponding  IIN2  derivatives. 
It  was  also  fisiml  that  during  hydnihwis,  (T  wo* 
liirratcd  mote  slowly  from  (lie  monusulmtitutixl 
HX2  <leri vatives  tlian  wns  the  case  witli  HX2 
chlorohydrin. 

<  )n  tlie  Iwsis  of  the  work  summarised  in  tliiasretion 
it  is  apparent  that  tlie  nitnigen  mustards  enu  lead 
with  a  wiilo  variety  of  eell  constituents.  Tlie  rnietiv- 
ity  of  these  vesicants  with  nmimi  gr.Hips,  sttlfliydryl 
groups,  carl  mix, v  I  groups,  sulfide  gnmps,  ami  im'.d- 
nsote  groups  indicates  tluit  the  nitrogen  nnistanls 
in  cmi  may  attack  fits*  amino  ariils,  |x>p(idcs,  ami 
proteins  'including,  of  e<Mirse,  enzymes  ami  hor¬ 
mones)  in  a  unrulier  of  ways.  Tlie  vesicant*  may  also 
mu't  with  essential  cocntymcs  such  ns  nicotinamide, 
pyridoxino,  ami  thiarnin.  Tlic  ability  of  the  nitrogen 
niustunls  to  eomhine  witli  organic  ami  inorganic 
plioM|ihfltc  is  of  liifH'ltemical  interest  ami  points  to  tlie 
possibility  tliat.  the  vesicants  limy  interfen*  with 
normal  rellular  activity  not  only  hy  combining  with 
cell  catalysts  but  by  reacting  with  essential  suli- 
stnites  as  well.  Reaction  with  carlsixyl  groutis  could 
also  opemte  ir  this  manner.  It  should  Is*  mentioned 
that  nucleic  acids  contain  Isith  phosphate  and  amino 
gnsips,  and  lienee  these  sulistiuicesalso  may  Is*  acted 
upfin  by  the  nitnigen  mustards. 

In  view  of  the  wi«|e  nuigc  of  ehemieal  gnaqis  which 
may  enter  into  eomhination  with  the  nitnigrn  mus¬ 
tangs,  it  is  not  surprising  tliat  these  sulistniices  arc 
potent  eell  poisons.  Moreover,  on  tlie  Imsis  of  enm*nt 
knowledge  it  wisilrl  appear  tlmt  tlie  natun*  of  the 
ehemieal  linkages  formed  is  such  that  cleavage  of  the 
vesicant  rcsHlue  under  conditions  compatible  with 
cell  lift*  seems  unlikely.  Althisigli  systematic  investi¬ 
gations  of  the  stability  of  ntimensis  nitnigen  niusbinl 
dcri \-ntives  an*  lacking,  no  indirut  itsis  of  instability 
have  !s*cn  reported,  with  the  exeeptuai  of  a  few  trf  the 
esters  referred  to  alsivo.  The  staliility  of  tls*  eisn- 
pfsimls  mit  specifically  investigated  may  lie  infcrn-d 
hy  analogy  fnim  the  nature  of  tlie  linkages  involved. 

N  Oxides  of  Nitrogrn  Mustards 

Tlie  nitnigen  mustanis  an*  mpklly  oxidized  by 
perecifls  in  af|iieous  solution  at  weakly  alkaline  /ill 
values.*  In  arid  solution  tlie  oxiflatioii  is  much  slower. 
All  the  pnsiuetH  of  the  mictions,  the  S  oxides  of 
HXl,  HX2,  ami  HX3,  have  Iren  isolated  as  their 
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hydrochlorides.*  The  hif^ti  yield  obtained  (78-85  per 
cent)  indicates  that  oxidation  of  the  nitrogen  atom 
proceeds  much  more  rapidly  than  (hies  hydrolysis  of 
the  0-chlorocthyl  groups.  The  staliility  of  the  0-ehlo- 
methyl  groups  of  the  X  oxides  was  investigated  hy 
measuring  the  tilierathsi  of  11+  and  (1"  and  the  con¬ 
sumption  of  thiosulfate  in  birarimnatr  solution.*  It 
wasftsind  thatlsrth  IIX2  and  IIX3  X  oxides  lihrmte 
Cl-  and  H+  and  consume  thiosulfate,  11X3  N  oxide 
lieing  the  more  reactive.  The  reactions  arc  much 
slower  than  those  oliecrvcd  with  the  parent  nitrogen 
mustards.  The  final  products  of  the  hydrolysis,  whieh 
haw  not  been  identified  with  certainty,  do  not  con¬ 
sume  thiosulfate. 


19.3  CHEMICAL  REACTIONS  OF  Am- 
O-CIILOROETIIYL)  SULFIDE  (II) 

19.3.1  Transformations  in  Water 

The  transformations  undergone  hy  6f*(0-c!iloro- 
cthyl)  sulfide  (H)  in  water  are  giwn  in  Figure  2.,4•*,,• 


The  sequence  of  reactions  given  in  tlie  figure  is  simi¬ 
lar  in  many  respects  to  that  given  for  11X2  in  Fig¬ 
ure  I,  and  support  for  Figure  2  is  derived  from  the 
same  three  types  of  experimental  evidence  presented 
to  sutwtantiate  Figure  I ;  namely,  kinetic  (lata,  ana¬ 
lytical  data  on  hydrolysates  of  II  (I!1-  and  Cl'  liliera- 
tion,  etc.),  and  data  obtained  by  the  isolation  of  the 
compounds  giwn  and  tlie  study  of  their  pmisTtics. 
Mention  should  lie  made,  however,  of  three  notable 
differences  lietween  the  liehavior  of  II  and  that  of  tlie 
nitrogen  mustards.  In  the  first  place,  the  cyclic 
ethylenesiilfonium  ions,  XIII  and  XV,  whieh  accord¬ 
ing  to  one  theory*  are  formed  fr«..i  II  and  its  clilom- 
hydrin  (CTI,  0-chlomethyl  0-hydmxyetliyl  sulfide, 
XIV),  are  extremely  unstable,  do  not  acenmulate  in 
solution,  and  henee  haw  newr  tieen  isolated.  1  neir 
existence  is  predicated  on  indirect  evidence  derived 
largely  from  kinetic  investigations  (see  Chapter  20). 
In  the  seeond  place,  dithiane  sulfonium  compounds 
haw  not  U*en  detected  in  hydrolysates  of  II.  It  will 
lie  recalled,  however,  that  cyclic  piperasiniuni  deriva¬ 
tives  are  sometimes  formed  during  the  hydrolysis  of 
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the  nitrogm  mustards.  In  the  thin  I  place,  the  linear 
sulfonium  Halt**  formed  from  II  (i.c.,  rompmthds 
XVII  and  XVIII),  arc  reactive,  toxle  solwtanecs, 
whereas  the  analogous  <|iiatemary  ammonium  com- 
poumis  formal  in  the  care  of  the  nitrogen  mustards 
are  stable  and  relatively  nontoxie. 

The  kineticH  of  the  hydrolysis  of  II  in  very  dilute 
aqueous  solution  were  studied  tn  World  War  I,  and 
these  studies  have  liccn  greatly  extended  in  Work! 
War  II  (are  Chapter  20).  In  dilute  solutions  II  hydro- 
lyxes  exclusively  to  thindiglyeol  £6i*(0-hydroxycthyl) 
sulfide,  T(«]  and  ltd,  with  the  intermediate  forma- 
ti«*n  of  the  sulfonium  ions  XIII  awl  XV,  and  of  CH 
(XIV)  (see  Chapter  2*)).  On  the  other  hand,  it  has 
Ireen  demonstrated  44  that  when  the  ratio  of  water 
to  II  is  small  (alsnit  3/1),  only  a  small  quantity  of 
TO  and  IK*|  are  formed,  most  of  tire  II  iieing  con¬ 
vert  e«l  to  a  mixture  of  sulfonium  ehiurkles.  These  ex¬ 
periments,  however,  were  performed  under  condi¬ 
tions  quite  dimimilar  to  those  obtaining  when  If  re¬ 
acts  with  water  inhicr  physiological  condition*. 

There  are,  however,  many  data  which  indicate  that 
sulfonium  salts  are  formed  witra  <1  is  hydndyaed 
witli  oMsierate  quantities  of  water  at  mom  tempera- 
j«„r  example,  when  I!  was  shaken 
with  50  volumes  of  water  for  24  Imurs  at  20  C,  the 
resulting  clear  solution  was  toxic  ami  contained  only 
about  78  per  cent  of  the  theoretical  amount  of  IICI 
to  lie  expected  on  complete  hydrolysis  of  II.4  On 
heating  the  neutralised  solution  at  100  C  for  2  Isstrs, 
however,  the  remainder  of  th<  theoretically  possible 
HCI  was  iilieratcd,  and  the  toxicity  was  destroyed.4-** 
As  will  lie  shown  later,  the  sulfonium  salts  funned 
during  the  hydrolysis  of  II  decompose  on  heating  at 
I0OC  in  aqueous  solution,  wit!,  the  formation  «rf 
I  equiv  of  acid  for  ejr.-h  sulfonium  group.  Ilencc,  the 
amount  trf  acid  produced  on  heating  an  hydrol,v*atr» 
at  100  C  is  an  «rolox  of  the  extent  of  sulfonium  salt 
formation.  On  this  basis,  alsnit  22  per  cent  of  the 
chlorine  of  the  original  II  is  found  a*  sulfonium  chlo¬ 
ride  after  hydrolysis  of  II  with  50  A’ohtmes  of  water 
at  mom  temperature.4  If  the  ratio  of  water  to  II  is  in¬ 
creased  to  200  volumes,  the  extent  of  sulfonium  salt 
formation  drops  to  alsnit  Mi  per  cent;  if  1,000  vol¬ 
umes  of  water  are  used,  the  extent  of  suifonium  salt 
formation  falls  to  nlsnit  5  per  cent.4 

Support  for  Figure  2  has  also  liccn  derived  by  iso¬ 
lation  of  many  of  the  intermediate*  listed  ami  a  study 
of  their  properties.  Thus,  CH  (XIV)  has  liccn  iso¬ 
lated  from  partially  hvdrolytrd  aqueous  dilutions 
of  CnchnngH  If  was  removed  In  extraetion 


with  cyclohexane,  purified  kerosene,  or  tictmtcum 
ether,  and  the  aqueous  solution  of  CH  and  sulfonium 
salts  was  then  extracted  with  chloroform  to  remove 
the  CH.  The  CH  may  lie  recovered  by  removal  of  the 
chloroform  in  metro.  CII  has  I  sen  synthesised  by  te¬ 
net  i«m  of  thionyl  chloride  with  TO  under  carefully 
eontmlled  conditions,*"'  and  from  vinyl  eldtiride  anti 
monothioglycol.,u  In  the  isolated  form  CH  is  quite 
unstable  at  room  temperature,  spontaneously  under¬ 
going  partial  polymerisation  on  standing  in  alcoholic 
solution  or  in  the  absence  of  solvent,  rhe  product 
formed  under  these  conditions  has  liccn  stated  to  lie 
the  di-CH  sulfonium  salt,  X[X.W 
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*.  Ih*n  fmaen  and  stored  at  dry  ice  temperatures, 
however,  Cil  is  stable.'*’  In  isopropyl  ether  or  chloro¬ 
form  solution  CH  also  is  stable.  Acetone,  on  the 
other  lund,  appears  to  promote  polymerisation.**1*-'* 
In  di'nte  aqueous  solution,  freshly  prepared  Cl  I 
hydrolyses  to  TC»  and  HCI  at  a  unimolcrukur  rate 
which  is  40-50  per  cent  faster  than  that  otwerved  for 
H.**4  *w>  humpies  of  CH  which  have  been  aged  ami 
have  undergow  polymerisation,  however,  show  an 
initially  more  rapid  reaction  followed  l*y  the  normal 
hydrolytic  reaction,  followed  in  tom  by  a  wry  much 
skiwor  rrartkm.*4’*-*  Thu  sequence  of  events  is  intcr- 
prrted  to  indicate  ram-rnkM  during  aging  of  some 
CII  to  give  XIX,  which  hydrolyse*  lapidly  to  XVII, 
the  latter  in  turn  decomposing  slowly  to  TCI.  More- 
owr,  on  hydrolysis  of  pure  CH  (0.1 1 3/)  in  aqueous 
solution,  the  lilieration  of  II4  is  slower  than  the  lilier- 
atkm  of  Cl“,  indicating  the  presence  in  the  hydrolysis 
mixture  of  considerable  quantities  of  sulfonium  chlo¬ 
rides.54  The  sulfonium  ehlorkles  might  contain  an 
ethyleuemdfonium  ring, as  in  XV,  or  they  might  lie  of 
the  type  represented  liy  XVII.  Differentiation  of 
these  two  types  of  sidfonium  nsoptsimlsean  Is1  miolo 
on  the  lwsis  of  the  thiosulfate  reaction.  ( Compounds 
such  as  XV  should  react,  quantitatively  witli  thio¬ 
sulfate  in  10  minutes,  whereas  sulfonium  salts  of  the 
t.v|ie  XVII  should  not  react  measurably  with  thio¬ 
sulfate  in  this  time  interval.  If  XV  were  present  in 
tlie  hydrolysate,  Miem'ore,  the  tO-irinute  thiosulfate 
titer  of  an  hydrolysate  at  any  given  time  slnsitd  Is* 
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greater  than  the  amount  of  eariion-liound  chlorine 
(in.,  unchanged  (MI)  remaining  in  the  Dotation. 
Artuallv  it  was  fraind  to  Itr  slightly  lo%,  indicating 
that' the  thiosulfate  consumption  was  all  attrilsitnlik* 
to  unchanged  CH  ami  that  XV  did  not  accumulate 
in  tin*  hydrolysate  to  a  measurable  extent.18  The 
stilfoniiim  compound  present  in  hydrolysates  of  (Ml 
in  almost  certainly  XVII,  which  id  formed  by  reaction 
of  (Ml  with  MM}.  It  has  Iwen  shown  that  reaction  lie- 
tween  (Ml  and  T(S  can  occur  in  aqueous  Dolution." 
Moreover,  when  (MI  hydmlyacs  in  the  prescnrr  of 
T(i,  II*  formation  is  markedly  rrprcDDcd,  whereas ( *1“ 
lilieration  proceeds  in  accordance  with  the  kinetics 
of  com|ietition  (see  Chapter  20). 

'Die  stilfontam  salts  XVI,  XVII,  and  XVII!  have 
lieen  subject  to  much  study.4-'4-4*-*  M  Compound 
XVI  has  not  lieen  isolatetl  from  hydrolysate*  of  II, 
lait  its  existence  ns  a  precursor  of  XVIII  can  scarcely 
lie  doubted.  In  tlie  first  place,  it  is  hnnlly  conceivable 
that  2  molecules  of  MM}  could  react  simiiltanetsislv 
with  I  mobt'itle  of  II.  In  addition,  XVI  has  lieen 
synt-hcsiicd  by  allowing  et|tiivalent  molar  quantities 
of  II  and  MM*  to  react  in  ethanol  anil  has  lieen  found 
to  possess  the  properties  expected.4*  *  MMius  the  chlo¬ 
ride  of  XYl  was  an  unstable  oil  which,  on  standing, 
decomposed  to  yield  XVIII  and  to  regenerate  some 
II.4*  The  pieryisulfonnte  «*f  XVI  was  isolated  in 
crystalline  form,  however,  anti  proved  to  lie  quite 
stable.16  In  aqueous  methyl  Colloso'.ve,  the  pirrylsul- 
fonate  of  XVI  decomposes  in  two  stages  with  the 
overall  lilieration  ol  I  eqniv  of  ehloritle  ion  anti  nearly 
2  cqttiv  of  aciti.  The  first  stage,  in  which  I  cquiv  of 
ehloritle  ami  I  cquiv  of  aciti  arc  lils- rated,  has  a  half- 
life  time  of  alssit  3  htmrs;  whereas  the  second  stage, 
in  which  the  sectintl  equivalent  of  aciti  is  lilieratetl, 
has  a  halt-life  time  of  alssit  2  tlays.4*  At  the  end  of 
the  first-stage  reaction,  tlie  ‘Vryisulfonate  «if  XVII 
was  istilatetl  from  the  reactitsi  mixture,  thus  support¬ 
ing  the  reaction  sequence  from  XVI  to  XVII  as  given 
in  Figure  2.'* « 

It  was  also  found  that  in  aqueous  solution  the 
pierylsulftmate  of  XVI  reacted  with  MM  I  to  yield 
XVI!!,  as  wtsdtl  lie  predicted  from  Figure  2."  It  was 
of  some  interest  to  note  that  XVI  pieryisulfonnte 
reactisl  readily  with  aqueous  thiosulfate.1*  Tlie  re¬ 
action  proceeded  in  two  stages,  I  cquiv  of  thasmlfaie 
1  icing  consumed  in  about  «»  hours,  whereas  only  0.9 
additional  cquiv  of  thiosulfate  was  consumed  after 
71  htmrs.  MM  s'  first  stage  of  tlie  reaetitm  undimhtcdly 
itivolves  tin*  0-eldoroethyl  group  and  occurs  at  a  rate 
conqinrnhlc  with  tlie  tilmrntion  of  (1  ~  in  the  alisema- 


of  thiosulfate.  Mlio  second  stage  of  the  reaction  is 
comjmndilo  in  rate  to  the  lils  ratiou  of  the  sccimd 
equivalent  of  aciti  in  the  ntmenee  «*f  thiosulfate,  ami 
pmliably  involves  the  snifonittm  gnmp  of  XVI.  Tlie 
aliitity  of  sulfonium  compounds  to  decompose  with 
the  lilienition  of  thiosiilfate-renetive  groups  is  dis- 
rtissed  lielow. 

The  sttlfoniiim  compound*  XVII  and  XVIII  have 
both  lieen  isolated  from  hydrolysate*  of  I!.*-1*-**  After 
hydmlysis  with  50  volumes  tif  water  29  |ier  cent  of 
tlie  original  H  was  rwovered  ns  tlie  pieryisulfonnte  of 
XVII,  and  Id  per  cent  as  the  dichloride  of  XVIII. 
MMk*  total  amount  of  sulfonium  comptmnds  isolatetl 
represents  alsmt  50  per  cent  of  tlu*  amount  is  >«il* 
fonium  ion  estimated  to  Ik*  present  in  tlie  hydroly¬ 
sate.11  Compound  XVIII  was  also  sent hesiied  in  gtssl 
>nek!  by  shaking  II  at  mom  temperature  with  un 
ntmctMis  solution  of  T(j.4  MMie  reaction  proceed*  more 
n-adily  in  water  than  in  nonnqtieous  or  pnrtinlly 
aqueous  sotatioiiH.  With  respect-  to  the  rliemieal 
properties  of  XVIII,  this  comptaintl  was  ftmntl  t«i  lie 
30  per  rent-  decomposed  with  tlie  lilieration  of  acid 
upon  standing  in  dilute  aqueous  solution  for  3 
weeks.*4  It  is  readily  decomposed  wnrn  Itratrd  in 
dilute  aqueous  solution.4-**  *4  At  pH  8.9  or  9.9  at  3  (*, 
the  salt  lilieratcs  no  acid  in  24  hours,  wherra*  in 
0.93  S  NnOII  25  per  rent  of  tlie  theoretical  arid  is 
lilirmtrd  it,  this  period  of  time.4  Wlien  iiiculwitcd  ill 
aqueous  bicarlsmatc  nt  37  C  and  pH  7.9,  a  slow  lilier- 
ation  of  acid  occurs  (I  cquiv  in  90  tasirs)."  *  If  thio¬ 
sulfate  is  also  present-  in  the  renrtion  mixture,  n  re¬ 
action  occur*  which  consumes  thiouilfatc.**  The 
speed  of  this  ration  is  only  slight!)  greater  than  tlie 
lilieration  of  acid  from  XVIII  in  the  rUwencc  of  thio- 
sulfate.  In  tlie  prrsrorr  of  cysteine,  XVIII  reacts  at 
37  C  to  form  the  b/V-8-cvstcinyl  derivative  of  II 
(XX).4* 
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MMie  other  product  of  the  reaction  i>  prolxibly  TO, 
although  it  has  not  lieen  isolated.  Tlie  formation  of 
XX,  coupled  with  the  olisrrvations  reported  nliovc, 
make  it  appear  that  the  sulfonium  group*  of  XVIII 
possess,  to  a  lesser  ik'gree,  some  of  the  reactive  id- 
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ky  lit  ting  pro|iertiex  nx*<M*intcd  with  t Im»  0-chlorocthvl 
gmiqis  of  II."'  The  Kan  considerations  also  hold  fur 
the  sulfoniiim  gnsip*  of  XVI  and  XVII.  Ax  will  lie 
shown  in  ( ’hapter  22,  all  of  these  sulfoniiim  salts, 
particularly  XVI,  possess  a  noteworthy  toxicity.  It 
appears  proliablc  that  this  toxicity  may  lie  a  retor¬ 
tion  of  the  ability  of  these  stills  to  decompose  tinder 
physiological  condition*  with  the  formation  of  re¬ 
active,  toxic  products."  Whes Iter  or  not  sulfonium 
wits  of  the  types  given  in  Figure  2  are  actually 
formed  from  II  in  pint  is  still  undecided.  It  remains 
possible,  tlierefore,  that  some  of  the  physiological 
effects  of  II  an’  a  consequence  of  the  properties  of 
these  xulfonium  compounds. 

H.S.2  Reactions  of  /9-Cfiloroethyl  (Groups 

with  Ormpounils  of  Biochemical  Interest 

Until  tin*  work  dc*cril**d  in  this  section  had  I  sen 
performed  I,  the  chemical  luisis  for  the  remarkable 
physiological  activity  of  II  remained  olwctire.  II  was 
recognised  to  lie  a  genera)  cell  poison,  but  the  manner 
in  which  it  might  exert  i‘s  toxic  effects  was  not  appre¬ 
ciated.  Among  tiie  many  theories  proposed  to  ac¬ 
count  for  the  toxicity  of  II,  two  may  lie  mentioned. 
According  to  one  theory,  the  11(1  generated  within 
cells  by  hydrolysis  of  II  was  responsible  for  its  vesi¬ 
cant  action.  A  second  theory  postulated  the  oxida¬ 
tion  of  II  in  rim  to  the  suborn*,*41  •**  the  sulfone  lining 
considered  ns  tlie  vesicant  agent.  The  first  t-fsury 
was  finally  alwndoned  when  it  was  ftstnd  that  the 
amounts  of  II  required  to  prisluec  toxic  effects  an* 
so  small  that  the  11(1  produced  on  hydrolysis  would 
lie  insufficient  to  cause  appreciable  changes  in  /dl. 
The  second  theory  is  no  lunger  looked  upon  with 
favor  for  several  reasons.  In  til*  first  place,  it  lias 
lieen  calculated  that  tlie  p>»  ential  required  to  oxidise 
II  to  the  sulfone  is  greater  tliuii  that  to  lie  anticipated 
in  nomud  cells.*1  In  tls-  second  plan*,  it  has  lieen 
found  that  animals  rendered  hypersensitive  to  II  are 
not  hy|s*rxenxitivc  to  the  sultorne.*4’  Finally,  the  xul- 
fone  theory  has  lieen  discanled  licenusc  it  no  hmger 
is  required  to  explain  the  facts.  Karlv  workers  had 
not  appreciated  the  great  eliemical  reactivity  of  tlie 
ff-ehloroethvl  group*  of  II  under  physiological  con¬ 
ditions  of  solvent,  /ill,  and  temperature.  Prior  to 
World  War  II  only  a  few  reactions  involving  the 
0-chloroethyl  groups  of  I!  had  lieen  reported.  TIh*xo 
reactions,  with  amines,*’  **•”  and  with  alkali  sul¬ 
fides  **  and  cyanides,*’  had  lieen  studied  for  the  most 
part  in  iionaqunHts  solvents,  and  under  drastic  con¬ 


ditions  of  /ill  and  tcni|s*mturc.  in  the  earlier  work, 
therefore,  II  sulfone  append'd  to  Is*  a  more  reactive 
sulistance  than  tiki  II. 

It  has  now*  been demonstrated  that  II  is  ca|Hible  of 
reacting  with  a  wide  variety  of  functional  groups.*  ^ 
The  reactions  have  lieen  shown  to  involve  replace¬ 
ment  of  the  chlorine  atoms  of  II ;  that  is,  to  Is*  alkvla- 
ti«ai  reactions.  As  a  result  of  kinetic  investigations 
fare  ('hapter  20)  the  following  facts  relative  to  the 
alkylation  mictions  of  II  have  lieen  established: 
(I)  The  rate  of  the  reaction  of  11  with  various  sul>- 
stances  (anions)  is,  like  tlie  hydrolysis  rate.  itiunioki*- 
ular.  (2)  11m*  rate  of  miction  of  II  is  a  constant  de- 
liendent  upon  solvent  and  temperature,  and  indo- 
(icndent  of  the  sulistance  with  which  II  is  reacting. 
(?!  Tlie  rate  of  *hc  mu'tion  is  markedly  slowed  by 
non|Milar  solvents.  In  onler  to  inter)iret  them*  facts 
it  has  lieen  postulated  that  II  reacts  in  two  steps.*  *** 
In  the  first  step  one  of  its  0-chloroethyl  gmu|M  lie- 
eomes  activated.  Tliis  activation  pnK*ess  is  measur¬ 
ably  slow  and  occurs  only  in  tlie  presence  of  water 
>  i '  ot  her  polar  solvents,  it  has  variously  ls*en  nscrilicd 
to  carl  ionium  *►  or  ethylenesulfonium  *•**  ion  forma¬ 
tion.  Tlie  second  step  is  immeasurably  rapid  and  re¬ 
sults  in  the  reaction  product.  The  first  step,  tlierefore, 
is  the  rate-determining  ime.  However,  various  com¬ 
pounds  differ  in  their  affinities  for  tlie  activated  II 
molecule.  Tims,  in  very  dilute  aqueous  solutions 
hydrolysis  to  thiisliglycol  (T(!)  occurs  almost  ex¬ 
clusively.  If  other  sulistances  an*  present  in  solution, 
however,  tliey  may  compete  with  hydroxyl  ions  for 
llw*  activated  II  molecule.  Tlie  extent  of  the  success 
of  a  sulistance  in  competing  with  water  for  activated 
II  depends  ii|sm  the  relative  avnilability  of  the  elec¬ 
trons  of  the  convicting  sul^tance.’**''  Tlie  relative 
affinities  of  various  sulistances  in  com|ieti>ig  with 
water  for  activated  II  have  lieen  t email  “nimpe- 
tition  fiwtors."  **■  A  list  of  the  competition  factors 
for  a  numlier  of  sulistnnc(*s  in  given  in  Table  1. 

As  a  consequence  of  the  mechanism  outlined  kIhivc, 
several  conclusions  Isrome  appurrnt.  Since  t-ls*  rate 
of  miction  of  II  is  fixed,  for  given  conditions,  the  rate 
constant  for  I  la-  disappearance  of  II  is  indc|«cndcnt 
of  tls*  nature  of  the  xulistunre  with  whieh  it  is  re¬ 
acting.*^  'Hiiis,  noi  one  of  tls*  xulislatircx  listed  in 
Tabk*  5  causes  miistanl  to  mid  more  rapidly  than 
it  is  hydrolysed  by  water.  Tin*  degm-s  of  miction 
with  different  reagents,  therefon*,  are  in  projsirtion 
to  the  product*  of  their  concentration*  ami  their 
comjietition  factors.*  ^  In  mixtures,  ttierefore,  other 
thing*  Is-iiig <i|unl,  gnsqisof  high  eom|M*litioti  factor 
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will  iii  effis*t  react  first.  Since*  then*  is  no  evidence  to 
indicate  tluit  li  tracts  in  vim  by  any  mechanism 
other  than  the  one  outline)!  alsive.  it  appears  that 
in  rim  miction  of  IT  occurs  in  the  nt|ucoos  phase  by 
siilistitution  of  t Im*  chlorine  atom.**4' 

According  to  one  hypothesis,  the  oils**  with  which 
a  given  anion  (not  msx*ssarily  an  acid)  can  react  with 
If  is  a  function  of  the  electron  availability  of  the 
anion  in  question.*  The  greater  the  electron  avail¬ 
ability,  the  more  readily  should  the  anion  react  and 
tlie  higher  should  la*  the  competition  factor.  TIm* 
evidence  supporting  this  hypothesis  has  lieen  docu¬ 
mented  in  detail,*  and  need  not  '**  given  lierc.  Suffice 
it  to  say  that  « ith  the  aid  of  this  theory  it  is  jsissible 
to  give  a  rational  explanation  of  the  competition 
factor  data  givi*n  in  Table  5,  and  to  predict  roughly 
tla*  competition  factors  of  nnions.  Among  tltc  facts 
elueidatixl  by  the  hypothesis  are  the  notably  high 
competition  factors  of  sulfur  compounds  in  general, 
such  as  thiopliosphntes,  thiophosphonates,  tliioneids, 
tbiophenols,  anil  thiols.  The  data  given  in  Table  5 
for  earisixvlie  mills  finds  rational  interpretation  in 
terms  of  the  influence  of  other  functional  gnsi|>s  in 
the  molecule  upon  the  electron  availability  of  the 
earlsixyl  gnHips.  Similar  analyses  have  Isen  carried 
out  for  phenols,  enols,  tunines,  and  inorganic  ions 
such  as  phosphate.* 

From  the  hiis*hcmical  point  of  view,  the  groups 
listed  in  Table  5  which  are  of  most  interest  are  the 
siilfhydryl  group,  as  in  cysteine  or  glutathione;  the 
pyrophosphate  and  phosphate  ions;  the  organic 
phosphate  eomjsmnds  such  as  adenylic  acid  or 
glycerophosphate;  the  nitrogen  atoms  of  pyridine 
itself,4  ,i-“  and  lienee  presumably  of  nicotinamide  and 
pyridoxine;  earlsixyl  gnsips  ns  in  citrate,  oxalate, 
fumnmtc,  acetate,  and  pyruvate;  tla*  imidnrok* 
gnsip  of  histidine;  the  sii!rV  sulfur  of  TC.  and 
methionine,  and  tlie  amino  gnsips  of  amino  acids, 
;s*pt'«les,  purines  and  pyrimidines.  Tliesc  variisis 
mictions  will  Is*  considcml  in  morn  detail. 

fKall  tlie  naturally  iss-orriug  i*om|ssimls  listed  in 
Table  5,  tlane  containing  stilfhydryl  gnsifis  haw  the 
higliest  com|N*tition  factors.  Notahle  in  this  n^piTt 
is  eigotliionine  which,  •liisigh  not  presently  known 
to  Is*  widely  distributed,  has  ls*en  ftsind  in  nature. 
It  will  Is*  notisl  that  cysteine  ethyl  ester  has  a  higls*r 
eonqs-iit*  hi  factor  than  evstei*s*.  It  has  Inn  ol»- 
served,**  momivcr,  that  glntathiiHie  is  less  reactive 
than  cysteine.  The  i*om|s«uid  formed  from  H  and 
2  eipiiv  of  cysteine  has  ls*en  isolated  «  and  fisitwl  to 
have  the  stmetun*  XX  given  on  jiage  390.  Products 


of  the  reaction  in  Isiiling  alcohol  of  II  with  the  sodium 
salts  of  thiopheuol  and  alky  1  mercaptan**  have  Im*cii 
prepared  iumI  found  to  have  the  general  stmetun* 
<HSrlls(’I!j)j8,  when*  K  may  Is*  an  alkyl  or  a 
phenyl  gmup.**  TIs*  stahility  of  eoui|Niiinds  of  this 
ty|s*  (of  which  the  cysteine  product  is  one i  slioe.ld  be 
n*lative!v  gmit.  In  general,  cleavage  of  a  A'  S  -C- 
linkage  nxpiim*  drastic  conditions.  It  lias  lieen  found, 
however,  that  the  linkage  is  mon*  labile  in  certain 
derivatives  of  II-  sitlfone  (or  divinyl  stilfiMie).  For  cx- 
ample,  fc/*(eyatcinylcthy')  sulfone,  after  tmitment 
with  silver  or  mercury  salts  at  mildly  alkaline  /»l  I 
values,  gave  a  |**4tive  nitmpmsside  ti*st  for  sulf- 
hydryl  gr>ai|>s.  Ttiis  linding  wimld  indicate  that 
eieavagi*  of  the  (’  S  (’-linkage  had  isviirml 
(*x*  also  page  UK);.  With  fcis(ryatciiiylctli.vl)  sulisle, 
however,  a  similar  reaction  dis*s  not  seem  lo  uceur 
with  so  gn*at  ease.*41*-1  It  n*muins  true,  tlien*fore, 
that  so  far  as  ..<*  know  now,  the  products  of  the  re¬ 
action  of  If  with  siilfhydryl  eompiMinds  an*  stable 
under  conditions  of  /ill  and  temperatun*1*ompatihlc 
with  cell  life. 

Kxccpt  for  tlie  data  given  in  Table  5,  the  mu*tion 
of  II  with  organic  or  inorganic  phosphates  lias  not 
lieen  studied  in  gmit  detail.  Tlie  n*ac*tion  of  II  with 
inorganic  phosphate  has  lieen  investigated, ^  ami 
the*  phos|»hate  ester  of  thitMliglyrol  has  lieen  synthe¬ 
sised.**  The  high  competition  factors  of  phosphates, 
however,  e«Hipled  with  their  wide  distribution  ami 
imiMirtant  functions  in  tin*  animal  organism,  u*ndcr 
these  mictions  of  gmit  biochemical  inten*st. 

The  mu lion  of  II  with  pyridine  and  its  derivatives 
has  I s*en  studied  somewhat  more  extensively.411** 
Tims,  it  has  lieen  demonstrated  tluit  II  reacts  with 
nicotinic  acid  ami  its  ainuk*  to  form  pyridinium  com¬ 
pounds.*  The  product  of  tlie  react i< hi  of  II  with 
pyridine  has  lieen  isolated  as  the  dirhloi id<*  •*  and 
as  tlie  dipicrylsulfonatc  and  fmiml  to  Is*  tls*  h/sfpyri- 
dinium)  com|XHmd.'*“  This  sulistance,  in  contrast 
to  the  nnalogiHis  sulfone  derivative,  was  found  to  Isi 
stalde  in  aqueisis  solution  at  /dl  7.5  and  25  (V*  Xo 
arid  was  lilierutril,  and  tlie  sulistance  did  not  mict 
with  thiosulfate  or  tl«>  sulfliyilryl  gnmp  of  cysteine. 
Attempts  to  prejmre  tin*  methyl  siiifonium  salt  by 
reaction  of  fci*(0-pyridiniutm*tliy!)  sulfide  with 
methyl  itslide  wen*  unsuccessful.'* 

Kviilem-e  has  lieen  seeuml  (sis*  Chapter  21)  that 
Isith  in  rim  and  in  riho  II  tracts  with  the  earlsixyl 
groups  of  proteins.  For  this  mison  the  n*actton  of  If 
with  simpk*  earlsivylie  acids  to  form  «*sters  of  T< • 
has  lss*n  the  s*tb;*s*t  «»f  eonsidemble  study.  It  has 
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Tihi.k  5.  Compplilkm  factors 

*  nf  vnri  .is  Kulutanren  for  It. 

petition  fitrtnr 

Kcferrnrc 

Hutwlsner  Comprtltkm  factor 

Hrfpretiee 

flubstaner  (’ntn| 

Dithktphnephate  km 

130,000 

Me 

p-Tdumet  hiophoaphnnate  km 

510 

54b 

Klhane  dithk>phi»iph<mfltr 

3-Merea  pin  1  hiaaole 

500 

54c 

ion 

120,000 

54h,c 

Thk*bvniieaeid 

4.50 

2 

llnnnr 

Thkdiydtserylie  arid 

410 

2 

km 

120,000 

Mb 

5*Mprca  pfnpl  han< 

400 

2 

Mrllume  dithk>pb<«p!Hmatr 

MethyUmhv 

atm  tpiiisi 

II 

ion 

10.5,000 

•54b, e 

a*Uutanpthi  mat*  km 

300 

2 

Hiltvi  dithiopfooptatr  km 

74,000 

.54b,  c 

p-Tnliirart  *.  fnnatpkm 

380 

2 

Kthvl  dithktphnsphfltr  km 

03,000 

54b, e 

Butyl  mpfp  dart 

300 

2 

••Amita»thk»tti:rtt«>l 

SO, 000 

54b,  e 

Kihyi  mpmiptnn 

280 

2 

Thkiformatr  km 

.50,000 

47 

Mpthkminp 

200 

It 

IVnti*rthvk,nedithk(Pnrb«- 

Veronal 

2h0  (pit  Off)  II 

null? 

44,000 

47 

Veronal 

4A(pH  1,3)  11 

PlinelliyldllhkiearhHmate 

40,300 

48 

Dimpthytamlnp 

255  (pH  13) 

II 

Ft harm  mo*H>thkit>b<»*ph»lr 

Cystine 

240  (pH  13) 

II 

ion 

30,000(21,000) 

54b,  e  (48) 

Tryptophane 

210  (pH  13) 

II 

Mtmothkiphnspiuitp  ion 

30,000  (12*500) 

54e  (48) 

Pyrophosphate  km 

I  HO 

Me 

Hutnnr  nionotliio|ih<»>|iiuilp 

Tlikairpa 

ISO 

54b,e 

km 

10,000 

54b,  p 

l.ysine 

147  (pH  13) 

II 

Dirt  ha  no)  dlthiorsrbnmatr 

34,000(20,000) 

54e  (48) 

Drsoxyeholale  km 

110 

Mr 

Diethvl  dithkicarbatr.ate 

33,000 

54a,h,e 

Imklasole 

no 

II 

Metlmne  m«noihiof)ho«pho- 

Itiearimnate  km 

83 

Me 

natr  km 

30,000 

54b 

Citrate  km 

83 

2 

Mrihvlphpnyidilhkipnriin- 

Adenylate  km 

75 

Me 

mate 

28,000 

48 

Ptuatphate  km 

75 

54c 

Thkmilfatr  km 

27,000 

2, 54n,e 

Phtuel 

75  (pH  13) 

II 

Chhntirthvl-H-dlthkiphnu- 

Triearhallylie  arid 

73 

2 

piuintirihylintlAdr 

20,000 

54p 

Hist  Mine 

71  (pll  13) 

II 

Mol  hy  k-l  hnnoklil  hktrarha. 

llkdklinr 

07  (pll  7) 

54e.lt 

mntp 

22,000 

48 

Aden*  wine 

M 

54c 

Morpholinndilhkimrlmnmtp 

22,300 

48 

(iiyrrnifihis'phatp  km 

54 

54c 

Kihyi  xnnlhnte 

20,000 

54a, h,p 

Pyridine 

54 

54c 

Ortvl  wmthate 

10,500 

54e 

Citraeonatr  km 

40 

2 

Kthyl  nuuurthka*srli<*natr  km 

o.:oo 

54  b,* 

Kama  rate  km 

44 

2,54apt 

llvdroxvl  km 

8,000 

54* 

Oxalate  km 

44 

2, 54a,c 

Choline  xnnthnle 

7,800 

54l»,p 

Maleate  km 

43 

2 

Diethanrdithk>ph«ipph»miite 

Arginine 

42  (pH  7) 

II 

km 

0,700 

54e 

Cyrhihpanne-1 ,1-dia  5Pta*e  km 

3.5 

2 

INthkmppInlP  km 

:.,2oo 

54s, p 

Mnkmatr  km 

32 

2 

Dithkivnlrrntr  km 

.5,100 

54p 

fc»«(5-Hydpnxypthyl)  mtlftde 

Dimethanr  dithk(ptm»ph»- 

(thkididvrol) 

30 

2 

natr  mn 

4,000 

54* 

Hnrrinalr  km 

28 

k 

Thkipiiiowr 

3,200 

54b 

p-TolomrsulOnntr  km 

25 

2 

Diethvl  dithkij*h«wphoniilp 

linetmale  km 

22.4 

2 

ion 

2,000  (.5.700) 

54b  (47' 

Chkirkle  km 

21 

23,  Ain, e 

(’vulpine  elhvl  rn'rr 

1,700 

5li»,p 

Atlipnte  km 

20.0 

2 

Hnlfitc  km 

1,500 

2 

(•liitamte  km 

20.4 

2 

ThkiRlynili  rstrr 

1,3.50 

54n,b,p 

Muetmale  km 

10.2 

2 

Fruiitlikmine 

1,220 

21,48 

IsnrylidypyWyrinr 

to 

54c 

Mrrmpltmutkmir  ester 

1,0.50 

Mr 

Asmritnlr  km 

10 

54c 

Cvstrinr 

1,050 

54n.p 

Alanvlnlanine 

18 

54c 

llvdnwdOdr  km 

1,050 

54e 

Tartrate  km 

10.4 

2 

Mlnlvl  trithkirnrlHinnteion 

1,050 

.5  Ip 

Tyrosine 

too 

5ln,e 

Mere«|>lotivnivnlr  km 

1,000 

54b, e 

Mnlnte  km 

10.0 

2 

Kthvlenr  ntrrrnptiin 

880 

54s.b,p 

p-Aminohrnarnr  sttlfinie  ark! 

15.0 

2 

Ihmenuplololnene 

780 

54n,e 

Itenxamkline 

14 

.Mr 

2,3-1  >inu*ret«|i1o|»lo|inn«l 

780 

5if 

]  Mnestekm 

12.1 

2 

Aniline 

<00 

ii 

|  AretyUlanine 

10-5 

."►Ir 

llewmrlhvlenr  lelnimine 

740 

8 

•  llydraetylatekm 

10.3 

2 

Tlikmiiilie  ester 

700 

54* 

!  (liiilsmstr  km 

8,0 

2  ; 

Tlikirvnmitc  ion 

870 

2,  Ale 

1  lirvtilmntr  km 

8.5 

2 

IisIkIp  mn 

000 

Mb.r 

;  Acetate  km 

8.5 

2.  Il.54a,r 

♦  kMhuH  K»«  I«m*«  mmlr  to  rrtKlrt  thin  uUf  n«Mt4Hr.  TW  b;H»Uarr  m  m*  •mftrrrd.  Umrv+r,  I  ha  I  nniM****  hivr  nu«h*. 

%  r**m|4ftr  tot  uf  <a(m|rtiii<m  furfur*  ilrfrrminnl  |vi<«  to  lVmwtwf  |H|J,  h*«  tom  mtn|<ilr«l.*i  and  Ita* lion  *4  (mil  **rvh*  in  •nmtMiti*  »hi«  tntiln. 
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I 


4(W 


TaDIJ  3  (Cant  in  util) 


Suhstance  Cotnpetitkm  factor  Reference 

Methylamine  hydntrhkM'idr  A3(pHl)  11 


Mulfatr  kin  7.3  2,  54e 

TriHhyUmbw  *.7  34a,e 

Cmtimate  km  <i.l  2 

p-Nitr.iissiaontr  km  4.3  2 

Tyrosine  (amino  4.0  Ala 

Pyruvate  km  3.4  2 

MiMarehkmmrrtate  km  3.0  2 

Er-mute  km  3.0  2 

Alanine  (carboxyl  group)  2  34a 

Alanine  (nminoKmop)  2  34a 

Dimliimatailwl  2  34a 

.tatomakmatr  km  2  34a 


Hutmtancc  Competition  factor 

Reference 

Ethyl  citrate  km 

2 

Ma 

PmpkrUtr  km 

I.H 

2 

Glycine 

l.tl 

2, 3ta 

Acetamide 

1.3 

It 

Hodiom  formakVhyde  aulf- 
oxylate 

t.4 

2 

Premie  km 

1.2 

2 

loci  me  km 

l.t 

2 

X'itmtc  km 

0.2 

2 

(lluense 

0 

2 

p-Toluencmltimatc 

0 

2 

a-Hutyl  sulfonate 

0 

2 

n-Hutyl  ihkMilfatr 

0 

2 

I  mm  fuund  in  the  map  of  acetate  that  H  rrarta  only 
with  the  eartmxylatc  anion,  ao  that  at  low  pH  values 
paler  formation  ia  negligible.5*  At  physiological  pH, 
however,  all  the  arula  whieh  have  lieen  investigated 
will  he  present  largely  aa  the  diawreif  ted  aalt,  ao  that 
in  vivo  rraetiona  of  II  with  carlxixyl  gmups  ia  a  likely 
theorrtiral  possibility.*-4 

The  electron-donating  strength  of  a  group  R  ia  an 
important  factor  in  determining  the  diaaoeiatinn  eon* 
atant  of  a  carboxylic  arid,  RCOOH.*  The  stronger  ia 
the  clortron-d<.nnting  atrength,  the  greater  will  tie 
the  tendency  of  the  anion,  IK’(M)~,  to  form  a  rova- 
lent  hotsl  with  hydrogen,  and  the  weaker  will  he  the 
acid.  The  dissociation  eonatanta  of  oyganie  ark  la  are, 
therefore,  uarful  gukiea  in  assessing  competition  far* 
tom*  However,  no  exact  paralleliam  exiata  liemnae  of 
the  influence  of  other  fart  ora  which  do  not  affect  d»- 
sociatiun  eonatanta  ami  competition  fartora  to  the 
name  extent.*  Thia  fact  ia  brought  <ait  by  the  data  in 
Table  11  *  in  which  the  competition  factora  and  diaao- 
nation  eonatanta  are  inrlwied  for  rompariaon.  It  may 
lie  noted  liv  a  eomimriaon  or  the  ilata  for  lactic  ami 
pyruvic  aelda  with  thoae  for  itydrarrylir  ami  leviilinie 
acida  that  the  e-mi  petition  factors  are  influencnl  by 
the  diatanre  from  the  carhoxylnte  ion  of  a  group 
responsible  for  dec  tensing  the  electron-donating 
atrength  of  the  anion.*  A  eompnratively  powerful 
Miliatituent  group  ia  the  free  earimxylate  km,  which 
opemtea  in  determining  the  second  disMticiathm  con  • 
atant  (h\)  of  a  dilmaie  acid.*  Tlie  figurea  in  Table  tl 
on  adipic,  glutaric,  aitecinie,  mn Ionic,  ami  oxalic 
nckla  indicate  the  riac  in  competition  faetor  aa  the 
carlaixyl  group*  eofix*  nearer  together.  The  ennju- 
gated  system  present  in  maleic,  fumarie,  ami  citra- 
etmie  acids  is  an  effirient  mechanism  for  transmitting 
the  effect  of  one  carlaixyl  to  the  other.*  Them1  acid 


residues  woukl  lie  expected  to  have  eom|ietition 
factors  equal  among  thcmaclvc.$  and  equal  to  oxalic 
acid.  Aa  may  lie  noted  in  the  table,  this  ia  found  to 
lie  the  eaae.  Among  the  hydroxy  dilioaie  neitla,  the 


Tam.rO.  ('em petition  fact ors  ami disnociatinn amMnntr 
of  cnrtmxylie  nrida.*  ^ 


Arid 

Compctitkm 

factor 

Dire  .relation 

c<  mutant 

Amir 

A3 

A  X  10* 

0.17 

('roomie 

(1.1 

0.22 

lactic 

l.i 

1.40 

Formic 

3.0 

2.94 

("hkimscctic 

3.0 

IAI 

Amirs  septic  (glycine) 

1.0 

43.0 

Pyruvic 

3.4 

30.0 

llvdraeryfie 

10.3 

04 

Irrvulinic 

A3 

0.2 

Adipic 

10.3 

A',  X  10* 
3.37 

Glutaric 

102 

3  30 

Mucrinie 

13.8 

3.33 

Mnkmie 

too 

2.(0 

thralk* 

21.3 

49.0 

MnMc 

21.3 

0.20 

Ftimaric 

21.8 

22.0 

('•'rnennie 

24.3 

0.39 

It  scenic 

11.4 

2.2 

Malic 

A0 

7.3 

rf-TarlaHe 

A2 

430 

Mucic 

0.1 

Mucooic 

9.3 

.... 

anme  qualitative  agreement  exiata  lictwccn  the  ex- 
peetisl  elect mn-ntt met ing  effert  of  tlie  auliatituent 
gnnip  ami  flic  vidttc  of  the  competition  factor,  hut. 
there  ia  no  rorrrlatkm  lictwccn  fit  and  the  competi¬ 
tion  factor.  Tlie  relatively  high  competition  factors 
of  eiinc  (83)  and  tricarlwllvlic  (73)  arid*  may  lie  ex- 


BWIIKT 


UIKMICU.  RKUrriOVi  OK  SI  I.Kl'R  4\U  MTKOOKN  Ml  STIROS 


< 


V 

b 


t 


404 


l»l;iin<il  Ity  lit**  proximity  of  tlw*  carlxexvlatc  ami 
hyelnexye-arlsexyiatc  unions  to  a  given  rarlsexvl,  thus 
increasing  tlic*  e-lestrun-dotmtiug  strength  of  tin* 
latter.3 

TV  following  c<tcrs  of  thiexliglyesel  (T<i!  Have 
ls»en  pnimml:  the*  elifeermnte,*3  elipnepieenate,*3  ili- 
hutyratc,*3  elivalemtc,*3  eliempnitc,*3  eii-p-nitndsmiee* 
at**,3'  eliaee'tnte*,34  43  “  elihippumtc,4  ami  eliseiVylatc.4 
All  hat  the  last  three  of  the  sulestanccs  listcel  won* 
propanol  under  vnriesis  drastic  conditions  so  that 
their  isolation  is  of  little  significance  tee  tlie  present 
discussion.  TV  Inst  three  compesinds  wen*  prepares  I 
hy  reacting  If  with  an  aqueous  seehitieen  erf  tVsoelium 
salts  of  the  aciels.  t'neler  similar  cemditiesis  the  formn- 
tiem  of  enters  was  noteel  from  II  ami  tV  sodium  salts 
erf  citric,  succinic,  anil  stearic  acids,  nltheeetgh  the  re* 
aetion  preslurts  even*  not  isolated.4  Tliie»*li(d>'ctd 
esters  of  aevtyklehyelreephcnylalnnine  ami  arctylelc- 
hyelnephcnylnlnreylelehyelreephcnylalnninc  hn»T  also 
ls*en  prepareel.* 

Certain  fiu’ts  relative  to  tV  stability  irf  thiesligly- 
eol  dincetate  have  leeen  notes!.4  At  100  (*  in  neutral 
aqueous  solution  tV  ceanpentml  is  not  snponifieel  in 
2  hisirs,  hut  in  0.05.V  NnOll  at  41’,  saponification 
is  eeanplete  within  I  heair.  At  pH  8.9  ami  3<\  no 
suponifieation  was  noteel  in  24  hesirs,  whereas  if  tV 
ptl  was  raises  I  to  0.9  or  I2.fi,  saponification  in  24 
hours  was  fi  per  cent  am!  100  jvr  err.t  complete,  re¬ 
spectively.4 

TV  ease  with  which  II  can  react  with  the  stdfiele 
sulfur  rf  compoiinels  such  as  T 1  or  methionine  may 
lie  judged  l»y  the  competition  factors  i rf  these  suit- 
stances  (see  TilliSe  S).  Tlie  rme  tiisis  of  II  with  TO 
have  alnwly  lxs>n  diseusseil.  With  methieentne,  II 
gives  a  snlfonium  salt  of  the  structure  XXI.4 

<TI,  (II, 

1  _  I 

lltKK’(TKTII(Tls8<TWTK*,<IMT!Jt('!IJ(TIrf:H('OOII 

I  +  +  l 

Sit,  Sit, 

l.XXIt 

Tliis  compound  has  leeen  isolateel  as  its  tetraaso- 
Vnacnesulfonate.  On  heating  in  aqueesis  solution  the 
sulfotiium  salt  des-onqxwes  with  the*  liVmtiem  of 
aciel.4  Tlie  pnslui'ts  of  the  eieesimposition  are  m'  thi- 
onine,  which  is  regenerated  in  hrge  nmismis,  ami 
vhyelroxy-rt-aminohutync  acid  ami  fcodmethylthio- 
ethvl)  sulfide,  Isith  of  which  are  ohtaincel  in  n*la- 
tivel.v  low  yie*li|.4  Tlie  formation  of  tV  latter  two 
esau|MMitiils  serves,  liowe*ver,  to  estahlish  tlie  struc- 
tein*  of  tlw*  original  sulfonium  salt  as  that  give*n 


nlsive.  Keiiction  of  II  with  e'arWtizoxyuiclhio- 
uineamiele  has  also  liee*n  note*. I  * 

Tlie  ability  of  I!  to  react  with  atnim*s  has  Issm  lotiit 
known.  As  far  leaek  ns  1012  the  mictions  of  ii  with 
aniline  and  lecnzylamlne  were  stmlirel  and  the  prod¬ 
uct*  of  the  mictions  identifies!.41  Sul*seqnently  the 
investigations  were  wieleneel  to  include  numerous 
e-ompouiids  leoaring  amino  grtsips.  With  the  primary 
amines  in  hot  nleaiholic  solutions,  thiasans  (i.e..  time* 
morpholines)  of  t  V  general  type* 

riMH, 

/  \ 

8  NH 

\  / 

(TMTI, 

were  oletaineel,  in  which  It  may  lit  an  alkyl  nulieal 
(methyl,  ethyl,  propyl,  lentyl,  amyl,  etc.)  or  a  plietiyl 
or  ls*n«yl  gnHep.3•*,•*M,•J,  With  seeomlary  amines 
umler  the  same  conditions,  sulestnnre*  erf  the  struc¬ 
ture 

(TlrfTUMt, 

/ 

8 

\:i/HATt, 

have  leeen  oletaineel,  where  It  is  an  alkyl  gnsep.” 
With  piperidine  ami  pyrieline  tlie  (eix(pipcrielinium) 
or  pyridini.im  ethyl  sulfieles  were  isolatesl.4-’4-”  In 
tlee  reaction  erf  II  with  glvrine  ethyl  ester  in  hot 
alroholir  solution,  three  different  compesinds  have 
leeen  oletaineel.  TVse  are  melfiehe-he*(jJ-cth.vlamino- 
ethyl  acetate!,**  1.4-thiaxan-  I-neetic  ariel,**-**  ami 
/Mi.velnexyethylsulSil«*-fVthylamimeueetlearhl.** 
I’niliT  mileler  experimental  eemditions  which  are  erf 
greater  physieeliegi»*al  interest,  the  reactieen  erf  II  with 
n-pnepylaminc  ami  diethylaminc  led  to  a  mixture  of 
preslurts.3  With  trirthanofeminc,  tV  6ej»(trictham>l- 
ammonium)  derivative  was  isolated.4  By  following 
tV  elisniepeamnee  of  amino  niirogen  in  the  Van 
Slyke  apparatus,  it  lias  leeen  demeenstmted  tluit  II 
rraets  with  the  amime  greeups  erf  amime  aciels  ami 
peptides  in  aipieeais  seelutieen  n»  pH  8  ami  resent 
temperature.  II  also  reacts  with  the  amime  groups  of 
brain  ea'pliabies.*3  It  shoulel  Is*  peeintcei  eeut  that  umler 
physieelogienl  eemditions  (pH  7. tin)  most  amines  are 
test  highly  dissociates'  tee  Is*  present  tee  a  large  extent 
as  the*  free  h*ise.  There  are,  therefeere,  limitations  een 
the  preehahility  erf  II  reacting  with  amime  groups 
in  Wne  * 

Tliere*  is  much  imlins*t  **viele*ne*«*  tee  indicate  that  II 
may  nwt  with  the  imidazole  group  <,f  histidine*,  The* 
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high  competition  factor  of  histidine  ns  compared  to 
otlier  amino  acids  ix  one  indication.  Additional  evi¬ 
dence  is  provided  l»y  the  deereaxe  in  color  given  by 
hixtidine  in  the  Pauly  dinzo  reaction  (text  for  tinxtilt- 
stitnted  imidazole)  after  treatment  with  ll.,T  The 
reaction*  of  hixtidine  and  imidazole  with  0-chlom- 
ethyl  Inityl  and  Itenzyl  xulfidex  hax  lieen  studied  ami 
the  pnxSuctx  isolated  Uro  page  413). 17 

Among  the  groups  occurring  natumllv  with  which 
H  does  not  npjiear  to  react  under  physiological  con- 
ditionx  of  pH  are  the  indole  nitrogen  of  trypto¬ 
phane,* 17  4,1  the  guanido  group  of  arginine, ,7~  and 
the  phenolic  hydroxyl  of  lymsinc.  Reaction  with  the 
phcnolntc  ion,  laith  of  tyrosine 17  ami  of  various 
pltenols  "  has  lieen  noted,  l»ut  at  pH  7.35  the  phenol 
griaip  ix  largely  umliwuciutcd.7 

From  tlie  foregoing  it  can  lie  seen  that  II,  tinder 
physiological  conditions  of  solvent,  pH,  and  temper¬ 
ature,  is  capable  of  reacting  with  a  wide  variety  of 
naturally  occurring  functional  groups.  Tlie  list  of 
such  gmu|>s  in  the  case  of  H  is  qualitatively  indis- 
tinguixhahle  from  that  already  presented  on  page  30(1 
for  the  nitrogen  mustanls.  Minor  quantitative  vari¬ 
ations  may  lie  noted,  however.  Thtts,  at  pH  7.35  tlie 
nitrogen  mustanls  apiiear  to  react  more  readily  with 
amino  gnatps  than  does  H.  On  the  other  hand,  H 
appears  to  react  more  readily  with  carlsixvl  grtaqix 
and  with  sulfiiles  tluin  do  the  nitrogen  mustanls.  In 
this  respect  HX3  resembles  II,  however,  more  closely 
than  it  does  IIXI  or  HX2. 

As  was  noted  for  the  nitnigen  mustanls,  deriva- ' 
tivex  of  II  which  miglit  lie  formed  in  rim  are  all 
stable  com|M>unds  under  conditions  compatible  with 
cell  life.  Direct  evidence  in  support  of  this  statement 
has  lieen  obtained  whenever  the  stability  id  an  II 
ilerivative  has  lieen  investigated.  In  tlie  ease  of  those 
derivatives  not  specifically  .-tudied,  stability  may  lie 
infenvd  by  analogy  with  other  sulixtances  of  similar 
st  met  lire. 

There  has  lieen  one  hypothetical  type  of  II  deriva¬ 
tive,  however,  iunceming  tlie  stability  id  which  there 
has  lieen  much  speculation.  .V  a  working  hypothesis 
it  was  suggestial  by  Kyd-m4"4*  that  II  combines 
with  pmteins  to  form  (211  pmtein)  compismds  of 
the  following  types,  when*  Pr  ilenotex  pmtein: 

CllsSCIWIht’l 

til,  til, 

i  I 

IM'IMihMrlM  Iht’r  IMK’IM  IWIM  H.Pr 

+  -r 


MimIcI  experiments  pn>xciitcd  to  xup|Mirt  this  hy- 
potle  sis  wen1  also  intended  to  show  that  the  systemic 
effects  of  It  “an*  due  in  its  carriage  in  the  Is  sty  as  the 
compound  (2H  protein)  which  releases  I!  to  nwt 
with  sensitive  Issly  eiMistituents,  so  producing  the 
manifold  toxic  effects." 44  Sulixcqucntly  it.  was  noted 
that  irux lei  eom|xmnds  did  not  di‘i,iim|sisi>  in  this 
manner.47-4*  Thus,  o-  treatment  of  phenol  with 
methyl  f-chlomethyl  sulfide  (methyl-ll),  cumjsmni! 

XXII  is  ohtaineil  which  is  stable  to  boiling  strong 
alkali.  On  renit  ion  with  another  alkylating  agent, 
namely  methyl  iodide,  the  sulfoniutn  salt  XXII I  re- 
sults,  which  is  unstable  at  alkaline  pll  values  alsive  0. 

III. 

\+ 

ni^ClM'IMK'.lli  WIM'IMX'.lb 

cui.' 

(XXtll  tXXItll 

A  similar  rompiHtnd  was  obtained  from  phenol  and 
butyl  0-chlomrthyl  sulfide  (butyl-11).  On  distilla¬ 
tion  with  2.Y  XaOlI,  XXIII  yielded  phenol  (85  per 
cent),  XXII  (9  per  cent),  dimethvlsulfide  (39  per 
cent),  acetylene,  and  a  small  amount  of  methyl 
iodide.  Tlie  liutyl-II  derivative  ricc<:m|*>ecri  simi¬ 
larly. 

The  Kydon  theory'  has  lieen  appraised  in  this  coun¬ 
try, 74  and  Hit  following  conclusions  drawn:  Since  in 
tlie  decomposition  of  XXIII  only  small  amounts  of 
methyl  iodide  and  large  amounts  of  phenol  an* 
formed,  the  major  port  of  XXIII  does  not  decom¬ 
pose  according  to  Kydon ’s  scheme, 

211  pmtein — ►  II  pmtein  +  II, 

hut  decomposes  in  a  different  manner  to  yield  pn«d- 
nets  which  do  not  possess  alkylating  properties.  Tlie 
almve-doscrilied  prodnets  of  the  decomposition  of 

XXIII  were  isolated  after  distillation  with  2.V  alkali, 
i.c.,  under  experimental  conditions  known  to  decom¬ 
pose  sulfonium  Iwses  with  the  formation  of  dialkyl 
sulfides  and  unxatumtcd  hydrocariions.  This  deeom- 
position  is  fundamentally  different  from  the  one 
originally  pm|xised  by  Kydon  for  211  pmteins.  It 
was  roneludcd,  furthermon*,  tluit  the  experimental 
evidence  for  the  existence  of  211  protein  eom|MNinds 
in  rim  or  in  rilm  is  larking,  and  that  the-r  hypot  lieli- 
eal  compounds  do  not  «*xplain  the  olisrrved  physio- 
logical  Is  lmviorof  II  U  tter  than  do  the  known  diem-, 
hid  eliarai'terixlics  of  II  its’lf. 


ft 


ft 


ft 


ft 


ft 


ft 


ft 


ft 


SIXRKT 


ft 


ft 


CIIEWICtl.  REACTIONS  OK  SILKIR  AND  NITROCEX  Ml  ?r\HI>S 


4(W 


19.3.3  Reaction*  of  /3-Chlororthyl 
0-Ilydroxvcthyl  Sulfide  (CfH) 

The  fart  already  discussed  (pace  398),  that  CH  is 
an  intermediate  in  the  hydrolysis  of  H,  made  the  ex¬ 
amination  of  its  alkylating  properties  of  some  inter¬ 
est.  In  all  rases  in  which  they  have  lieen  examined, 
the  reactions  of  the  /f-elilometl.yl  group  of  Cl!  are 
similar  to  tlxwr  of  It  has  l>een  estal>lirhe«l 

that  CH  reacts  with  anions  by  replacement  of  the 
chlorine  atom  to  yield  compounds  of  the  general 
structure  IKK Wl  1^*1  WH;R.  The  kinetics  of 
the  reaction  are  similar  to  those  of  I! :  i.e.,  CH  reacts 
according  to  the  competition  factor  mechanism.*4** 
Moreover,  as  may  lie  seen  from  Table  7,  tht  «sn pe¬ 
tition  factors  of  various  sulistances  fta  (*l!  do  not 
differ  widely  from  those  determined  for  it. 

Tasuc  7.  (*nmprtitin.i  factor*  of  varssis  stitwtsncrs  for 
II  and  for  CTI.W 


t'ompci Itbsi  factiss 


Ho  Nastier 

it 

Cll 

MiSKiUiioohosphnte 

3.S  X  to* 

4.2  X  Iff 

Tfiksalfstc 

2.7  X  10* 

2.7  X  Iff 

Ojmtetne 

1.2  X  Iff 

0.9  X  Iff 

Thktersnate 

6.7  X  Iff 

7.8  X  Iff 

Chloridr 

2.1  X  Iff 

2.4  X  Iff 

Arrtalr 

10 

5.2 

It  has  been  shown  that  CH  reacts  with  the  amino 
group  of  amino  acitls  anti  peptides,14  with  the  sulfur 
of  TC. 14444  and  methionine, 14  with  tlie  imidaiole 
group  of  histidine,14  with  the  pyridine  nitrogen  of 
pyridine  anil  nicotinamide,14  and  with  the  carlsixvl 
groups  of  sodium  acetate  ,,  *w  anti  stslium  hippu- 
rate.14  Montiarrtylthindiglycolhn*  lieensymthesiaetl.17 
The  products  of  the  reaction  of  CH  with  cysteine  and 
with  valine  have  Iteen  prf  jVir- In  the  former  ease, 
reaction  involved  tlie  sulfhytlryl  gnstp,  whereas  with 
valine,  alkylation  of  the  amino  gnstp  occurred.  The 
isolatuMi  of  a  CH  glycine  com|sr.ind  was  mentioned 
tm  page  -MM. 

is  3  t  Chemical  Reactions  of  Sulfonhim 
Salts  Related  to  II 

In  Meet  ion  19.3.1  it  was  shown  that,  tm  hydrolysis 
with  mtsierate  quantities  tif  water,  H  gives  rise  to 
several  different  sulfonium  salts.  The  interesting 
chemical  anti  to.crohgicnl  properties  of  these  stilfo- 
nium  tlerivatives  prompted  an  investigation  of  the 
properties  of  other  sulfonium  eomptstntls  of  this 
type. 


Compound  XXIV,  fr/ffld-chlontctliyhsulfoniuin 
chloride,  was  pre|>arcd  by  treatment  of  the  eorre- 
sjsmding  hydroxycthy!  tierivative  with  thionyl 
chloride.*4 

ClCHiClli  tT 

\+ 

M 

/  \ 

tlClljClli  ClliCllA'I 
txxiv) 

(’ompnunti  XXIV  and  ita  transformation  pnNluct, 
6i>(0-chloroethyt)vinyl  sulfonium  rhloridr  appear  to 
l»e  the  only  compountls  known  in  which  the  sulfur  of 
H  is  alkylated.  In  fact,  there  are  several  reports  in 
the  literature  which  attec  to  the  resistance  to  al¬ 
kylation  of  the  sulfur  of  0-rhlomrth.vl  sulfides.7-44  74 

When  ditwolved  in  water,  XXIV  liliemtes  3  cqtiiv 
of  HC1  to  form  the  trivinylsulfonium  ion  XXV, 
whieh  has  been  isolated  from  the  reaction  mixture 
as  a  ptcrylsulfonate 14 

CH*=CH 

\+ 

8— C'li--Clli 

/ 

CH*=CH 

(XXV) 

The  IIO  elimination  is  stepwise,  the  intermetliate 
fci*(/Miloiwthyl)viny!  sulfonium  eompound  having 
also  lieen  isolated.  The  rate  of  the  HO  elimination 
is  very  sensitive  to  pH,  Icing  increased  ns  the  pH  is 
raised.  At  pH  3.0  for  example,  the  half-life  time  for 
the  liberation  of  2  equiv  of  11(1  is  a! tout  25  minutes, 
anil  the  third  rtgiivalrnt  of  HCI  is  not  liliemtetl.  At 
pH  9,  on  the  other  hand,  3  equiv  of  HCI  are  pto> 
thieeti  in  10  minutes.  Moreover,  at  pH  7.5,  the  rate 
of  IIC1  formatitm  is  mnrkmllv  tlepemlent  upon  tht 
nature  ami  eonrentration  of  other  aulmtnnrea  in  so¬ 
lution.  Thus,  an  equivalent  of  lamite  t»r  Inrarbonutc 
depresses  the  rate  of  HCI  lil>e ration  almost  100-fold, 
whereas  acetate  and  sulfate  tlepretw  the  rate  slightly. 
This  effect  appears  to  lie  related  to  tlie  extent  of  the 
dissociation  of  the  salts  in  question  at  pH  7.5. 14 

It  may  lie  noted  that  XXIV  reacts  readily  with 
thiosulfate,  as  tloes  tlie  tri vinyl  tierivative  XXV.4’’ 
Compound  XXIV  also  rraeis  with  eysteine  and  with 
pyridine.14  In  the  former  case,  3  equiv  of  sulfliyilryl 
groups  ditttppcar,  Isit  fc/Vcysieiny let h.yl  i  sulfide  is 
formetl.  With  2  equiv  of  eysteine  the  sulfide  is  not 
obtained.  Similarly,  in  tlie  rase  of  pvridinr,  /iM(0-pyr- 
idiniumethyl)  sulfide  is  formed.  !t  wtsild  appear. 
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therefore,  tlutt  substitution  of  the  3  chlorine  atoms 
of  XXIV  by  cysteine  or  pyridine  leads  to  the  forma¬ 
tion  of  an  unstable  sulfonium  salt  which  decomposes 
to  yield  the  sulfide.1*  However,  when  treated  with 
alcoholic  NaOH,  XXIV  yields  /m(/J-ethoxycthy1)- 
stilf.mium  chloride.'* 

0-Chlnmrth.vl-l,4-dithinne  sulfonium  chloride 
(XXVI)  was  prepared  by  chlorination  of  the  corre¬ 
sponding  hydroxycthyl  compound  with  thionvl 
chloride.1* 


CIM'll,  <1- 
/  + 

8  HCIWiMI 

V, 

ViWih 

t.X.XVI) 


CIWII, 

/  \+ 

8  8CII=OII, 

\  ✓ 

CIM’ll, 

(xxvii) 


The  behavior  of  XXVI  in  aqueous  solution  is  in 
many  respects  similar  to  that  of  XXIV.4*  Thus, 

XXVI  liberates  11(1  to  form  the  vinyl  compound 

XXVII  which  hns  lieen  isolated  as  its  pirrylsul- 
fonate.  As  was  noted  in  the  case  of  XXIV,  the  elimi¬ 
nation  of  11(1  from  XXVI  is  sensitive  to  pH  and  is 
depressed  by  the  presence  of  bicarl lonate.1* 

Both  XXVI  and  XXVII  react  with  thiosulfate  to 
form  the  inner  salt  XXVIII: 


dtjCiij 
/  \+ 

8  KCtbCIWV 

\  / 

CIM'll, 

(XXVIII) 

Evidence  has  lieen  olitained  which  proves  that  the 
first  step  in  this  and  all  other  alleviating  reactions  of 
XXVI  is  elimination  of  lid  to  form  the  vinvl  com¬ 
pound  XXVII.'*  At  pH  7  .,  the  reaction  of  XXVII 
with  thiosulfate  proceeds  to  completion.  At  higher 
pit's,  however,  the  reaction  stops  short  of  comple¬ 
tion.  Moreover,  when  the  reaction  product  XXVIII 
is  kept  at  alkaline  pH  values  (8  9),  it  rireum- 
poses  with  the  liltoration  of  groups  titmtahle  with 
hsline.1* 

The  5-rhlomrthvl  and  vinyl  sulfonium  salts  XXVI 
and  XXVII  Isith  react  readily  with  pyridine  to  form 
the  /J-pyridinium  cthyl-M-dithinne  sulfonium  salt 
XXIX,  which  has  lieen  olitained  as  the  dichlorule 
and  the  dipirrylsulfonate.14  As  may  lie  seen  in  equa¬ 
tion  ( 1 1,  the  reaetion  is  a  reversible  one.  Pnsif  fur  the 
reversibility  of  tlie  reaction  rests  uptsi  tlie  following 
facts:  '* 


Clip’ll, 

\ 

8  8CH-CH,  +  IM1.N  +  IM>  ^=*s 

\  / 

CIM’ll, 

(XXVII) 

CIM’ll, 

/  \+  + 

f*  HCIM’II,NC,H,  +  Oil*  O' 

\  ' 

CIU'll, 

(XXIX) 

The  forward  reartion  does  not  go  to  completion  at 
pH  7.4,  Imt  rapidly  attains  an  equilibrium  condition. 
A  study  of  the  decomposition  of  tin*  pyridiniutn 
compound  XXIX  revealed  tiiat  the  equilibrium  at¬ 
tained  by  the  forward  and  the  reverse  reactions  was 
the  same.  Moreover,  it  can  be  seen  that  XXIX,  in 
tlie  course  of  its  decomposition,  should  give  rise  to  a 
vinyl  group,  and  hence  should  act  as  an  alkylating 
agent.  Indeed,  it  aw  found  that  XXIX  ronsumes 
thiosulfate  and  reacts  with  the  amino  group  of 
alanine,  in  the  reaction  with  thiosulfate,  the  inner 
salt  XXVIII  is  formed.  It  should  lie  noted  that  the 
liehavior  of  these  sulfonium  salts  is  in  many  respects 
similar  to  that  of  indfoncs  (see  page  412) 

A  third  sulfonium  salt  of  some  interest,  8,S'-endo- 
ct hykiie-1 ,4-dit  hiono  disulfonium  dichloride  (XXX) 
was  formed  by  tlie  reaction  of  TO.  with  concentrated 
11(1  at  100  (\« 

ci-  CH.CII,  ci- 
+/  \4- 

8— CllrCllf— 8 
\  / 

ciM’ii. 

(XXX) 

The  rompiMind  was  obtained  as  a  diaible  salt  with 
line  chloride  and  as  a  dipiciyjsulfonatc.  Upon  treat¬ 
ment  with  silver  carbonate  XXX  is  transformed  into 
the  vinyl  compound  (XXVII).1* 

On  the  Isvsis  of  the  chemical  data  reviewer  I  in  this 
and  a  preceding  section  of  this  chapter,  a  correlation 
hns  been  made  lictwccn  the  chemical  reactivity  and 
the  toxicity  of  n  group  of  sulfonium  salts,'*  Jt  has 
lieen  concluded  that  the  more  innocuous  sulfonium 
salts  all  possess  a  relatively  stablr  sulfonium  sulfur 
atom,  and  do  not  pomes*  any  reactive  nlkylating  side 
c'uiins.  Tlie  more  toxic  sulfonium  salts,  on  tin*  oilier 
hand,  each  contain  either  n  n •active  vide  chain,  or 
a  relatively  unstable  sulfonium  sulfur  atom,  or 
Isith.'* 
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l<i.l  CilKMMM,  HK\<.TH>NS  OK  II 
St  LKONK.  DIViNYI.  SI  LKONK.  II 

St'LKOVIDK  4NI>  DIVINYL  SI  LKOVIDK 

Tlie  rlicniistry  of  tin*  oxidation  preslurts  of  If  ha* 
lm  studied  very  extensively.  Tlie  interest  in  II 
sulfoxide  and  II  sulfone,  ami  their  transformation 
pnshirt*  divinvl  sulfoxide  and  divinyl  sulfone,  has 
lK*e*ii  manif«*sl.  for  the  most  part  in  an  endeavor  to 
shed  some  light  on  tlie  validity  of  tlu*  “sulfone  the*- 
oiy."  It  will  Ik*  rendled  that,  according  to  this  tlie*- 
o«y,  II  must  Ik*  oxidized  in  the  skin  to  the  sulfeme*, 
the  latter  Is-ing  the  vesi<*nnt  agent.  'T1je  sulfone  tlie*- 
eiry  was  discussed  previously  (He*ct.iem  10.3.2)  and  the 
reasons  for  its  rejeetion  were  pointed  <sit.  Xever- 
theless,  II  sidfone  (and  the  rrlated  rompesinds  whieh 
are  the  suhjeet  of  this  sevtum)  has  e*oeitinued  to  re*- 
e*e*ive  much  attention  l>eenu*e  of  its  vesi«*aney,  tox- 
i<*ity,  and  elose  elwmieai  relationship  to  II. 

II  sulfoxide  is  formed  on  oxidation  of  I!  with  a 
variety  of  oxidising  agents*  such  as  H-O*  or  nitric* 
acid.  Divinyl  sulfoxide  may  lie  obtained  in  cxevllent 
yield  by  heating  II  sulfoxide  with  aqueous  sodium 
enrlsmate  for  I  hour.’1  II  sulfone  may  lie  prrparrd, 
either  from  II  or  II  sulfoxide,  hy  oxidation  with 
agents  such  as  permanganate,  ehmmic  arid,  or  prr- 
arids.  The  conversion  of  II  sulfone  todivinyl  sulfone 
may  Ik*  n**e*eimplishcel  with  ease  in  a  variety  of 
wavs.'*-5*  *"  **■*’ ,nT,T*  On  treatment  of  II  sulfone 
with  triethylamine  in  dry  Iiensene,  2  moles  of  IK  T 
are  eliminated  and  divinvl  Hilfone  is  formed.**  A 
similar  reac  tion  errors  when  an  acptecMts  solution  of 
II  sulfone  is  heated  with  ralrium  earlsmate,5*  or 
when  H  sulfone  is  kept  at  nsim  tempc*mfure  in  bi- 
enrlKinate-huffc'nxI  solution.'*  *•“ 

Tlu*  esse  with  which  II  sulfone  eliminates  lift  to 
form  divinvl  sulfone,  ec  si  pled  with  the  great  chemical 
reactivity  of  the  latter,  .las  led  to  tlie  nc*w  widely 
accepted  view  that  II  sulfone  is  relatively  un reactive 
and  must  Is*  tninsformed  into  divinvl  sulfone  prior 
to  undergoing  reaction.'****' *••**  Support  fc*r  this 
contc*ntica»  dc'Hves  frotn  several  considerations.  To 
Itcgin  with,  in  every  ease*  when  comparable  data  an* 
available,  II  sulhaa*  and  divinvl  sulfone  yield  tlie 
same  reaction  pnshict  with  a  given  sulotance.*’  Kven 
with  pmteins,  it  lets  Iren  fismd  that  treatment  with 
II  sulfone  and  divinvl  sulfone  yields  immunologicaliv 
similar  pnalucts.*'*  Tlie  firmest  support  for  tin*  con¬ 
cept  that  II  sulfone  is  tninsformed  into  diviny! 
sulfoM*  prior  to  undergoing  chemical  reaction  is  de¬ 
rived  from  studies  on  reaction  mte*.  It  has  Iren 


found  that  divinvl  sulfone  mads  with  amino  groups, 
thiosulfate*, etc., nmn*  ntpidly  than  dis*s  II  sulfone*,'*  -V1 
and  furthdinorc*,  that  a  bicarlmnatc-ugcd  solution 
of  II  sulfone  reads  with  atnino  groups  more  rapidly 
than  does  a  fresh  solution  of  the  sulfone.**  The  rate* 
of  the  reaction*  of  II  sulfone  with  glycine  or  thio¬ 
sulfate  in  ac|tieous  solution  is  no  gn*atc*r  than  the* 
rate*  of  the  elimination  of  IK  1  from  the  sulfone*  in  the 
aliscnec  of  these*  mietnnts.'* **  In  the*  case*  of  thio¬ 
sulfate*,  e*onsielcrahle  amounts  of  IICI  are*  formed  in 
the  early  stages  of  the*  reaction  Irforc  any  elisap- 
|H*nmne*e  of  thiosulfate  has  take*n  pines*.'* 

I4.i. t  Reactions  of  II  Sulfone,  Divinvl 
Sulfone,  and  II  Sulfoxide  with  Water 

II  sulfone  appears  to  Ik*  very  stable  in  pure  wate'r.5* 
Kven  on  shunting  for  many  days,  the  /d I  of  the*  solu¬ 
tion  :  not  very  low,  and  silve*r  nit  it  .*  gives  a  nega¬ 
tin'  a*  faint  positive  test  for  Cl-.**  If  the  pH  of  an 
aepieeHis  solution  is  raised,  equivalent  amounts  of 
fl+  and  Cl-  am  lilicmted  and  divinyl  sulfone  is 
formed.1* *u  Tin*  elimination  of  IICI  is  eat  tlysexi 
by  OH',  and  depn*sseel  greatly  in  the  presenee  of 
bicarlNinate.'*  In  water  at  pH  7.6  7.8  and  2.r»  ( ’, 

I  .(HI  eepiiv  of  HC'I  are  formed  within  3  minutes.  In 
tlie  pn*senee  of  I  eepiiv  of  NalK’Oj,  only  nlieMit. 
0.37  eepiiv  of  IICI  is  liliemteel  within  30  minutes.'* 
It  has  iieen  noted  that  the  elimination  of  IICI  from 

II  sulfone  is  slower  in  Ringer  solution  containing 
phosphate  than  in  Iw-arlKinate.**  0-Chloroctliyl vinyl 
sulfone  (pn*pnrwl  from  II  sulfone  hy  treatment  with 
I  eepiiv  of  tiu*thylamine  in  elry  U'naene)  liliemteel 
IK*!  in  Kinge*r  phospliate  more  slowly  them  did 
H  aulfone  *" 

Divinyl  sulfone  np|K*urs  to  lie  relatively  stable  in 
aepicotis  solution.  Since*,  as  will  lie  shown  later, 
divinvl  sulfone  reads  readily  with  thiosulfate,  the 
disappeamnn*  of  reactive  vinyl  gmu|)*  on  uging  the 
sulfone  in  aepicem*  liicnrismate  (pi 1 8. 1)  was  followed 
by  determining  the  eie*e*n*asc  in  thiosulfate  titer.1* 
Hy  this  means,  a  elis**.ppe*nmue*e*  of  nlieiut  <10  pe*r  e*e*nt. 
of  IIk*  eiivinyl  sulfom  in  01  hours  was  noted.'*  Aeldi- 
t  ion  of  wate*r  to  eiivinyl  siilfeme*  is  re*pe>rted  tei  yield 
thieixane*  sulfone,  presumably  through  tliiesliglye*ol 
sulfone.3* 

In  markexl  e*emtn:st  te>  H  sulfone*,  H  sulfoxide'  liis-r- 
ate*s  IICI  emly  ve*iy  slowly  at  pl*vsiologie*al  pH  val¬ 
ue*.'*1*  **  Tlie  rate*  of  IK *1  presl  dioo  is  increas'd  as 
the  pH  is  raised,  and  is  depressed  ill  till'  pn*se*nes*  of 
bie*nrlioniit«>.'*  \Vhi*ti  heat  id  with  aqueous  Nat  ell, 
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II  sulfoxide  give*  rise  to  thioxanc  sulfoxide.  Tlie 
tcmlcncy  f«»r  ring  closure  to  occur  is  much  less  with 
the  sulfoxide  than  with  the  sulfmc,  so  that  on  hcat- 
itift  with  aqueous  Nji»(*Oi,  divinyl  sulfoxide  is 
formed.11 


I«». t  *  Reactions  of  If  Sulfone.  Divinyl 
Sulfone,  If  Sulfoxide,  and  l)i vinyl 
Sulfoxide  with  Sulfhyilryl  Gnuijw 

It  has  fieen  known  for  many  years  that  II  snlfone 
reacts  readily  with  sulfhydryl  compounds  in  gciioml. 
With  isxlium  thiophcnates  and  mercaptiiles  (i.e.,  the 
sulfhydiyl  compounds  in  alcoholic  XaOlt)  at  KKIC, 
compounds  of  tlie  general  stmcfure 


o 

II 

HW’lljt’HjtH’IM'ItjSH 

II 

O 


are  formed.1**11  Analogous  reartions  occur  with  so¬ 
dium  phenates  and  alcoholates.1***  Divinyl  sulfone 
under  similar  condition;-  reacts  in  the  same  manner 
to  form  the  same  pmditets. 

Roth  H  sulfone  and  diviny!  sulfone  reart  readily 
with  thiosulfate  in  aqw-our.  solution  at  pH  7.5  to 
form  the  same  Runte  salt.1*  In  the  initial  stage-*  of 
the  rcactimi  of  II  sulfone,  11(1  accumulates  in  the 
solution  noire  rapidly  than  thuisulfatc  disappears, 
indicating  tlie  transformation  of  II  sulfone  to  divinyi 
sulfone. 11  Tlie  n -action  of  II  sulfone  is  markedly  in* 
hibiicd  hy  liiearlMNmte,  wlien-as  tin-  reaction  of 
diviny!  sulfone  is  not,  a  clear  indication  that  hiear- 
I innate  dei-reases  the  rate  at  which  vinyl  gustos  arc 
formeil  hut  does  not  alter  die  reactivity  of  the  vinyl 
groups  oner  they  nrepresi fit. 11  The  Runte  salt  formed 
in  tlie  reaction  with  thiosulfate  is  unstable  in  alkaline 
solution.  Wlien  kept  at  pH  8.7  for  21  18  luxirs,  then- 
is  a  lilieratiiHi  of  gnsqis  (thiosulfate)  whe-h  consume 
Hxlinc.“ 

It  has  lieen  fiaind  that  the  reaction  of  divin.vl 
sulfone  with  sulfhydryl  gnsips  is  very  sensitive  to 
slight  changes  in  pH.'11"  l’or  example,  tls-  nuetions 
with  thiopla-nol  to  form  tii*(phenvlt liior-t hyl )  sulfone 
is  catalyzed  hv  nitrogi'iious  liases  or  bivarlxinate.11  *" 
In  aqueous  solution  tlie  nite  of  the  n-aetion  of  divinyi 
sulfone  with  the  sulfhydryl  gnaqis  of  cysteine  or 
0-merrnptiH-t  hanol  inert -uses  mpiiilv  as  tls-  pH 
rises.11  With  cysteine,  fc/*(cystciiiylct hyl )  sulfone  is 
formeil. 11  *"  This  compound  is  so  insoluhle  that  it 
is'immti-s  almost  quantitatively  from  solution,  and 


hence  the  reaction  with  cysteine  has  Is-en  suggested 
as  a  quantitative  tisil  for  the  determination  and 
characterization  of  di*-inyl  sulfiau*.1"  M  slumld  Is* 
noted  tlint,  on  treatment  of  ftndeysteinylethyl)  sul¬ 
fone  with  silver  or  mercury  sidts  at  mislcrately 
alkaline  pH  values,  the  sulfhydryl  groups  of  cysteine 
an-  regencrati-d,  ns  is  divinyi  i»*ilf»ii»«».1*,*fc -*  With 
4-mcrcaptoetlmiml,  divinyi  sulfone  yields 
hydroxyethylthiotethyljmlfone.11  In  contrast  to  the 
Runte  suit  of  divinyi  sulfone,  this  pnsluct  dts-s  not 
liliemte  reducing  sulistiuu-es  at  pH  8.5.11 

Tla*  reaction  of  H  sulfoxide  with  sulfli.vdryl  gmu)>s 
has  not  lieen  studied  extensively.  With  sodium  thio- 
phenates  in  alcohol,  products  of  the  structure 

O 

i| 

IPtriU'lliWIM'IMH 

are  formed.**  With  sodium  phenati-s,  condensation 
does  not  take  place  **  It  has  Is-en  found  that  divinyi 
sulfoxide  reru-ts  with  sulfliydryl  gniups  to  yield  com- 
ixmnds  of  the  same  general  structure.'111  In  all  casea 
tlie  reactions  appear  to  lie  more  sluggish  than  are  the 
corresponding  rca.-tions  of  divinyi  sulfone.  The  re¬ 
act  ion  of  tlie  suIfoNak*  with  thiophcnol,  which  was 
first  reported  not  to  occur,1*  requires  tlie  pn-senee  of 
catalytic  quantities  of  a  Iman.11  Reactions  with  «- 
thioliennae  acid  and  cysteine  have  also  lieen  oli- 
served.11  Tlie  rates  of  the  reactions  of  divinyi  sulf¬ 
oxide  with  thiosulfate,  cysteine,  and  0-mercapto- 
ethanol  in  aqueiHit-.  solution  have  lieen  studied.11  As 
was  found  to  lie  the  ease  with  the  sulfone.  tlie  rates 
are  markedly  sensitive  to  pll,  increasing  as  Hie  pH 
rises.  The  reart  ions  of  »ls-  Milfoxulc,  however,  sir'- 
much  slower  than  are  those  of  the  sulfone.11 


I«.U  Reactions  of  II  Sulfone,  Divinyi 
Snlfone,  II  Sulfoxide,  ami  Divinyi 
Sulfoxide  with  Nitrogenous  Bases 

Tlie  reactions  of  ||  sulfone  and  divin.vl  sulfone 
with  numensis  nitrogemsis  Itttsi-s  have  lieen  studied 
extensively  tuid  under  a  variety  of  conditions.  Tl  e 
early  work  revealed  that,  with  primary’  ami  second¬ 
ary  amines,  cyclic  diiazatt  and  thiaznnimn  dioxide 
derivatives  are  usually  obtained, 1*-*MI  such  as: 
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With  tertiary  amines,  on  tin*  other  hand,  disulisti- 
tutcd  quaternary  derivatives  result.” 

» 

+  I  + 
tt,Xl  IVII,SCH,CH,XR, 

» 

« 

The  investigations  which  established  these  general 
rules  are  in  the  open  literature.  For  the  mint  part 
the  reactions  involved  sulwtanres  (primary  and 
secondary  aliphatic  and  aromatic  amines)  of  little 
physiological  interest,  and  were  performed  under 
dnistic  experimental  eonditiims,  the  Inise  and  flic 
sulfone  licing  heated  in  aqueous  or  alcoholic  alkali. 
However,  with  one  exception,  the  jrcnoral  rules  thus 
elucidated  have  lieen  fully  confirmed  l»y  the  more 
recent  work.  It  has  lieen  found  that  aniline  gives 
Imth  tlie  open  eluiin  and  eyelie  products.4*  Prior  to 
World  War  II  it  had  also  lieen  established  "  tliat 
the  sulfones  reacted  with  phenylhydraxinc  to  yield 

OVII, 

/'  \ 

C.lliNHN  HO, 

\  / 

CIVII, 

and  thar  no  reaction  occurred  with  arid  chlorides, 
ammonia,  hydmxine,  phtlmlimide,  lienxaldohvdc,  or 
formic  acid.** 

There  were  also  indications  in  the  open  literature 
that  the  sulfones  reacted  with  the  amino  gnaips  of 
amino  acids.  With  glycine  ester  in  nlcoholic  Nad  ’I 
cthyl-l,l-thiainn-4-arctntc-l-riioxidc,  or  1,4-thinxan- 
4-nretic  acid- 1 -dioxide  had  lawn  obtained.*'  *"  On 
heating  glycine  or  phenylalanine  in  aqueous  Nad  ’( ),, 
t ,4- 1 hin *an- 4-wct ic  acid-f -dioxide  and  tlie  eorre- 
sponding  phenylpropionic  acid  derivative  resulted.” 
More  recently,  however,  was  shown  tlint  Isith  II 
sulfone  and  divinvl  sulfone  reach'd  rapidly  ami  com¬ 
pletely  at  30  37  C  with  the  amino  groups  of  amino 
acids  in  aqiHMus  liinirlsmate  solution.**  Tlie  pnsl- 
nets  of  the  reaction  with  glycine,  alanine,  phenylala¬ 
nine,  and  tyrosine  weie  prepared  and  fisind  to  lie 
sulistituted  thiaznn  dioxides.**  Identical  product* 
wen*  obtain,  *d  from  II  sulfone  and  divinyl  sulfone.1* 
Morrnver,  tlie  same  derivatives  resulted  no  matter 
which  of  the  three  methods  of  preparation  outlined 
alsive  wen*  employed.11  Hate  studies  indicted  that 
divinyl  sulfone  cumhin«*ri  with  the  amino  groups  of 
amino  acids  mon*  rapidly  tha.i  did  II  sulfone.11  In 
the  caw  of  the  latter,  the  combination  with  amino 
groujis  did  not  proceed  faster  in  the  presence  of 
amino  acids  than  did  the  elimination  of  lid  in  the 


alisence  of  amino  acids.11  With  proline,  the  lietiUne 
(XXXI  i  was  obtained.11-1" 

CIVII,  CH.CH, 

/  x  +  '  ■ 

<hH  N  I 

\  -  \  i 

CIVII,  I  II  -CII, 

! 

COO — 

(XXXI, 

Heart iim  of  divinyl  sutfonr  with  the  following  com¬ 
pounds  lias  also  lieen  noted:4*1"  nnthmnilie  arid, 
X-methyiantluanilic  arid,  creatine,  piperidine,  gly- 
cylglyeine,  N-methylsulfanilie  arid,  and  tiuirine.  No 
reaction  lietween  divinyl  sulfone  and  the  following 
comptsind*  ttsik  place:  *"  glucosamine  or  its  hydro- 
chloride,  maleic  anhydride,  X,X-riimrthylunthrunilir 
ari«l,  mcfhvl-N,N-riimcthylnn»!irniiilutc*ll<'|,  and 
X,X-dimcthyl*nlfnnilic  acid. 

Tlie  reaction  of  divinyl  sulfone  with  certain  ter¬ 
tiary  I  war*  has  lieen  studied  in  sona*  detail.1*  With 
pyridine,  6f*(0-pyridiniumethyl)  sulfone  dichloride 
is  fomM-d.1*71  In  water  at  pH  7.5,  tlie  reaction  to 
form  the  pyridinittm  derivative  proceeds  nipidly, 
lait  does  not  reach  completion,  an  equilibrium  con¬ 
dition  lining  attained.1*  Tlie  rvvcmr  reaction,  the  de¬ 
composition  of  the  pyridinium  derivative  was  also 
investigated  and  found  to  reach  the  same  equilibrium 
value,  thus  proving  the  rrvrrsiliility  of  tlie  reaction 
[equation  (2)].'» 

CII  -CII, 

thH  +  2C»lfi.V  +  21 V  5=S: 

CII  CII, 

+ 

CIVII,  XC.II, 

/ 

thH  +2011-  (2) 

\  + 

CIVII,  XC.II, 

Tlie  pyridinium  derivative  was  *yntlH*sisrri  by  n*- 
nrting  a  mixture  of  pyriiline  and  pyridine  hydro¬ 
chloride  with  divinyl  sulfone  in  alcoholir  solution  at 
risim  temperature.'*  It  was  found,  as  was  to  Is*  un- 
tici|mte<l  from  e<|tiution  (2),  that  the  position  of  the 
equilibrium  is  determined  by  the  pll  of  the  solution. 
High  pH  values  favor  the  reverse  reaction,  whereas 
lower  pH  values  favor  the  lorward  reactions.1*  From 
equation  (2)  it  may  Is*  predicted  that  in  aqueous  so¬ 
lution  histd-pyridiniuniethyl)  sulfone  should  give 
rise  to  reactive  vinyl  group*.  As  was  e\|s*et«*d,  n*- 
artion  with  tla*  siilfliydryl  group  of  cysieine,  the 
amino  group  of  ulanine,  and  with  thiosulfate  was 
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’loted.1*  With  cysteine,  hi deysteinvlet hyl )  sulfono 
was  formed.**  For  purpisrs  of  comparison  it  may  lie 
noted  that  fe/*f0-pyridinintnethyl)  sulfide  is  stable 
under  these  conditions,  n<t  reaction  with  cysteine 
occurring  in  IS  hours.1* 

An  equilibrium  reaction  analogous  to  that  ole 
servixl  with  pyridine  was  also  found  to  oreur  l>o- 
twccn  divinyl  sulfoite  and  nicotinic  acid  or  nieotin* 
amide.  With  the  latter  two  compounds,  however,  tl»e 
equilibrium  was  further  toward  tlie  left  [equation 
(2;]  than  was  found  to  Is*  the  cose  with  pyridine.1* 

Attempts  Imve  lieen  made  to  prepare  the  products 
of  the  reaction  of  divinvl  sutfo.ie  with  the  followinit 
I  sixes:  **  ethyl-AniOj-ehloroethyl  Inmine,  methyl-6/*(0- 
chtoro.'thyl)amine,  «ri*(jS-chtnroothyl)amine.  etliyl- 
diethtitiolainine,  methyldietlemnlnniinc,  diethanola¬ 
mine,  (|itinoline,  nicotine,  lirucine,  and  strychnine. 
The  experimental  conditions  omnloyed  were  the 
sume  as  those  employed  in  the  synthesis  of  the  pyri¬ 
dine  derivative.  With  the  /S-ehtomcthylnminrs, ethyl- 
diet  hunolnmine,  methyldicthnnolnminc,  quinoline, 
nnd  nicotine,  traction  pnslucts  were  not  obtained.'* 
With  hniclne,  a  derivative  of  the  atructtiic  XXXII 
was  obtained,  and  strychnine  yielded  XXXIII.'* 
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and  a  nitrogen  mustard,  and,  therefore,  exhibits 
some  of  the  properties  of  Isith  elnssesof  eoiii|Miiiitds.'* 
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In  aqueous  solution  the  0-ehloruetliy!  group*  Ity 
drol.vsp  with  the  intermediate  formation  of  cthyleni- 
monium  rings,'*  Kven  after  hydrolysis  of  the  eliloro- 
ethyl  gnstp,  however,  the  milmtnnee  reacts  with 
cysteine,  indirating  the  presence  of  a  reactive  vinyl 
gnstp.  The  chlorinated  pnsluct  reacts  readily  with 
thiosulfate,  consuming  3  cquiv  in  24  hours.1* 

The  fact  that  divinyl  sulfono  reacts  with  pmline  to 
give  the  lietamc  XXXI  hns  liecn  mentioned  Itcfurc. 
It  has  lieen  noted  that  this  sulmtuncc  is  unstable  at 
pH  7.4.'*  It  consumes  thiosulfate  and  reacts  with  the 
sutfhyiiryl  gnstp  of  cysteine  to  form  the  dicvstoinyl 
denvntive  «>f  divinyl  sulfone. 

The  reaction  lietwcon  II  sulfoxhle  and  nitrogenous 
Isises  tuts  not  liccn  studied  in  great  detail.  In  alco¬ 
holic  sodium  ear!  innate  solutiisi,  primary  alipluitic 
amines  (methyl,  ethyl,  butyl,  Itcnivlnminc,  etc.) 
yield  the  sulistitutcd  thinatn  oxides.1'  \ 


Both  of  tlwse  compound*  consume  thiosulfate  wlien 
kept  in  uqucoiis  solution.1*  In  the  case  of  XXXII  the 
consumption  of  thiosulfate  •oust  Is*  attributed  to 
dccnm|Mixition  of  the  enm|rouud  with  the  lilicmtion 
yf  alkylating  groups.  Compound  XXXIII,  however, 
still  retains  one  vinyl  group  which  might  react  with 
thiosulfate. 

Divinyl  sulfone  reacts  with  diethanolamine  hydn>- 
chloridc  in  alcohol  to  yield  W*(0-liydnixyothyl)-l,4- 
tiimzanium  dioxide  chloride.1*  Tliis  sulistnncc  slowly 
liliemtes  alkylating  groups  when  kept  in  tunusms 
solution  at  pll  7.5  in  the  presence  of  cysteine  or  thio- 
sulfiite  11  Willi  cysteine  the  dievsteinyl  derivative  of 
divinvl  sullone  is  formed.  When  treated  with  t  hinny  I 
chloride,  the  hydroxyethyl  compisind  is  chlorinated 
to  yield  either  XXXIV  or  the  isomeric  XXXV.1* 
Then*  is  some  evidence  to  indicate  that  XXXV 
exists  in  aqueous  solution.  Compound  XXXV  is 
ImuIi  a  titonnsulistitutod  derivative  of  divinvl  sulfone 


(II, (It, 

/  \ 
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ClhCll, 

Secondary  alkyl  amines,  on  the  other  hand  form 
o|s*n  chain  compounds  of  the  general  structure:7' 

O 

it-xciM'ibsciM'ii.Nih 

With  a  tertiary  amine,  trimcthyluminc,  fcisdrimethyl- 
iuiimoniumcthyl)  sulfoxhle  dichloride,  n*siilts.7' 

Divinvl  sulfoxide,  like  divinvl  sulfone,  reads  with 
pyridine  in  aqueous  solution,  although  the  rate  and 
extent  of  the  reunion  is  much  l<*s*  than  was  that  of 
the  sulfone,'*  As  was  oliserved  with  the  sulfone,  the 
reaction  of  the  sulfoxide  with  pyridine  ap|M*ars  to  la* 
a  revers»l*|e  one,  the  position  of  the  equilibrium  I  icing 
determined  by  the  pll  of  the  medium.'*  With  mefliyl- 
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undue  divinyl  sulfoxide  yields  X-methylthiazan 
oxide.*1 

14  (  f  Disrussion 

The  information  summarized  in  this  and  the  previ- 
oils  Station  Hfl.fl)  indientes  a  striking  similarity  in 
liehuvior  lictwccn  0-sitlistitiited  sulfonea  uiid  /S-sul>- 
stitutcd  sulfonitim  salts. ,f  These  similarities  may  lie 
summarised  ns  follows:  '*  The  /3-chlomcthyl  sulfones 
and  sultonium  salts  lose  lit  *1  hy  elimination  with  the 
formation  of  renetive  vinyl  gmujis.  The  elimination 
n ■ae lion  i.i  each  ease  is  similarly  influenced  hy 
changes  in  ;dl  and  hy  the  presence  of  salts  (hicnr- 
iNinate).  Ttie  ulfonium  salts  and  II  sulfone  appear 
to  react  readily  with  a  numl*e**  of  sul>stan(‘<‘s  to  form 
0*sulist!'ii  .d  derivativ«*s.  In  each  case,  however, 
chemical  reaction  is  preceded  hy  the  elimination  of 
MCI  and  the  formation  of  reactive  vinyl  groups. 
There  is,  in  addition,  a  striking  similarity  in  the  lie* 
havior  of  the  vinyl  sulfotiium  and  vinyl  sulfone 
gnai|>s  thus  formed.  Both  groups  react  readily  with 
pyridine  in  aqueous  solution  at  /dl  7.5  to  form 
ff-pyridinitim  derivatives.  In  ls»th  cases  the  reaction 
is  reversible,  anil  the  speed  of  attainment  of  cqtti- 
llhrium,  ns  well  as  tlie  position  of  tlie  et|iiilihrium,  is 
similarly  influenced  hy  /dl.  Furthermore,  the  pyri- 
riinium  derivatives  in  Isitli  rases  are  unstahle,  and 
decompose  with  the  formation  of  reactive  alkylating 
groups  which  combine  readily  with  sulfhydrvl  gnsips, 
amino  groups,  etc.  Vinyl  sulfonitim  and  vinyl  sulfone 
groups  rrn'‘t  similarly  with  thiosulfate.  In  Isith  rases 
the  rate  of  reaction  increases  with  rising  pH  and  is 
unaffected  hy  hirarlsmnte.  At  pH  8.5  9.5,  however, 
Isith  thiosulfate  derivatives  decompose  with  the 
lilieration  of  sulistunces  titratahlc  with  iodine. 

Finally,  it  has  licen  noted  that  acetic  acid  is  cliro- 
inated  from  diueetylthir.lglveol  methylsulfonium 
pierylsulfonutc  and  also  from  diacetylthiisliglycol 
sulfone  hy  treatment  with  aqueous  bicarlrmatc,  and 
that,  in  ls»th  eases,  the  resulting  products  consume 
thiosulfate.5" 

For  tlie  genera!  problem  of  vesication,  it  is  of  some 
interest  that  derivatives  of  divinyl  sulfone  and  II 
sulfone  are  far  more  unstahle  than  are  similar  deriva¬ 
tives  of  II.  It  is  also  of  interest  that  some  of  the  sul¬ 
fone  compound*  decompose  to  yield  reactive  alkylat¬ 
ing  grou|»s.  It  seems  not  unlikely,  therefore,  that 
in  rim  the  products  of  the  reaction  of  divinvl  sulfone 
with  cellular  constituents  would  undergo  a  similar 
deeom|N**ttinn.'*  Should  such  a  decomposition  occur, 
it  would  U*cnme  possible  for  I  molecule  of  sulfone  to 
react  in  succession  with  several  functional  groups  in 


a  cell  until  it  finally  either  reacted  with  some  tissue 
enmjMmcnt  with  which  it  farmed  a  stable  contimund 
or  was  removed  hy  the  circulation.'* 

si 

Its  CIIKMICM.  R  FACTIONS  OF  \I.KYI, 
\NI>  AKYL  0  CIIUmoi.TIIYI,  SUHDF.S 

in  the  cottrsi'  of  the  work  on  vesicants,  the  chem¬ 
istry  of  several  sulistatices  of  the  general  formula 
BSCIIjTIIsCI  (K  »  alkyl,  phenyl,  or  licnxyl  group) 
has  ls*en  investigateil.  Interest  in  tlu*se  so-called  one- 
Itanded  mustards  has  lieen  stimulaterl  hy  two  con¬ 
siderations.  In  the  first  phut*,  the  chemistry  of  these 
su'istanccs  has  liccn  invest igated  in  onler  to  ascer¬ 
tain,  if  possible,  whether  their  poor  vesicant  power 
relative*  to  II  isc  social  id  with  tlifferetwes  in  chemical 
reactivity.**1  In  the  second  place,  studies  on  one- 
handed  vesicants  wen*  undertaken  in  the  lielicf  that 
they  would  h*tul  to  chemistry  of  greater  simplicity 
and  equal  significance  to  that  which  could  In*  de¬ 
rived  from  a  study  of  II  itself.15 

It  has  liccn  found  that  the  oitc-hund<*d  vesicants 
hydrolyze  at  a  unimolccular  rale  as  was  oliserved 
for  II.**1  Tin*  alrsolute  value  of  t4ie  hydrolysis  rate  is 
different  for  each  compound  and  de|N*nds  u|stn  the 
nature  of  tlie  U  group.  Tims,  the  hydrolysis  rates  in 
descending  onler  are:  ethyl  0-cldoniethyl  sulfide 
(ethyl-! I ),  pmpyl  /J-chloniclhyl  sulfide  (pnipyl-ll), 
II.  phenyl  0-chlomethyl  sulfide  (phenvl-ll).**1 

It  has  liccn  found  that  the  sulistnnces  listed  hImivc 
Is'hnve  like  ||  in  mictions  involving  the  0-chloni* 
ethyl  gmup,  sulistitution  of  the  chlorine  iN*curring 
hy  a  imimolectilar  pmcess  according  to  the  compe¬ 
tition  factor  principle.**1  Moreover,  the  competition 
factors  lor  ethyl-H,  propyl-11,  phcnyt-il,  anti  li  are 
the  same  for  a  given  ion,  e.g.,  acetate,  chloride, 
thitN'vannte,  thiosulfate,  and  inonothiophosphate.**1 
Since  the  e«im|N'tititm  factors  refer  to  hydrolysis 
Rites  in  water  as  a  reference,  the  relative  rates  of  re¬ 
action  of  the  four  vesicants  listed  with  nil  of  the 
a! mi vc  anions  is  the  same  compared  to  their  Rites  of 
reaction  with  water.  Tin*  e.lis.ilute  reaction  Rites  with 
anions  varies  with  the  vesicant  in  the  same  onler  as 
the  hydmlysis  mtes  with  water  given  nliove,  i.e., 
ethvl-l  I  >  pnipyl-ll  >  II  >  phenyl- 1 1.**1  The  inter* 
mediate  position  of  the  highly  %«*sicant  II  in  this 
li**  of  otherwise  relatively  |Nmr  vesicants,  indicates 
that  then*  is  as  yet  no  satisfactory  chemical  liasi*  to 
explain  tin*  cousidcRihk*  diffcn*nci*»  in  physiological 
jmtency  which  exist  lN*tween  II  and  the  one-lmtidcd 
vesicants  (w*e  <  'Impters  5  and  2Hi. 

’Fite  mu'tions  of  laitvl  0-chlome'hyl  sulfide  (butyl- 
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it:) 


or 


11)  and  lieniyl  0-chloroethyl  sulfide  (hcnzyl-il)  with 
amino  acids  have  (iron  st tidied  in  some  detail.17  With 
rysti*ine  in  alkaline  solution  lienzyl-ll  yields  S-I»en- 
zylthioethyleysteine,  wliercns  with  the  monoamino, 
mntioearl>oxylie  amino  acids  reaction  occurs  on 
the  amino  group  with  the  formation  of  mono*  or 
disiilmtitutcd  Isiizyl-ll  derivatives  of  the  genera! 
formulas  17 

(VlWII^IWIfiNIIU 
(CV!liCI!s5«i!.n!J)1Xn 

Monosulistituted  derivatives  have  lieen  obtained 
with  alanine,  valine,  isoleucine,  and  plienylnlnnine.17 
Disulistitutetl  derivatives  have  Iteen  olitained  with 
tryptophane,  although  the  indole  nitrogen  does  not 
apiNtir  to  react.**  A  mixture  of  mono-  and  disultsti- 
tutod  derivatives  resulted  from  the  reaction  of  lieti- 
xyl-1 1  with  glycine,  leucine,  and  tyrosine.17  In  the 
ease  of  tyrosine,  reaction  occurs  at  Iroth  the  amino 
and  the  phenolic  hydroxyl  grout*.  It  has  lieen  noted 
that  the  monosulistituted  derivatives  are  stable  to 
Isriling  in  an  HCI-formic  acid  mi:.ture  of  the  type 
sometimes  employed  to  hydrolyze  ptoteins.17  Tlie 
disulistituted  tyrosine  :.n<l  tryptophiuie  derivatives 
nrr  stable  in  alkali  on  prolonged  standing  at  rtsim 
temperature  «»r  on  short  heating  to  100  (V7 

Butyl-H  gives  the  same  types  of  derivatives  with 
tlie  mnnotrniino  acid*  as  d«s*s  lienzvl-ll.  With  lysine, 
the  «-butylthi(N'thyl  derivative  has  Is-en  obtained  by 
heating  the  copper  salt  of  lysine  with  bu'yl-ll  in 
rdkaline  solution.  The  reaction  of  butyi-ll  with  tlie 
imidazole  group  has  been  studied  in  some  detail.'7 
With  imidazole  and  tl  mob's  of  vesicant,  disubstitu¬ 
tion  recurs  with  the  formation  of  a  quaternary  salt. 
A  monosulistituted  derivative  of  imidazole  has  also 
lieen  obtained.  With  liistidie*  in  the  presence  of  ex¬ 
cess  Inityl-ll,  a  trisulistitution  product  eontai  ting 
one  quaternary  nitrogen  atom  is  formed.17  Appni- 
ently  two  Imtyl-II  residues  have  reacted  with  tlie 
imidazole  group  and  one  with  tlie  or-amino  group, 
since  Is'iizoylhistidine  yields  a  disulistitution  pnsl- 
iiet .  With  glycyltryptophanc  there  is  evidence  to  in- 
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dicate  that  hutyt-ll  combines  with  the  curlmyvt 
group  to  form  an  i*ster 17 
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li.fi  l  Transformations  of  l,2-bt.<- 
0-Chlorootliylthio)etliane  (Q)  in  Water 
Tlie  kinetics  of  the  hydrolysis  of  Q  in  dilute  solu¬ 
tion  are  reported  in  Chapter  20.  Under  these  condi¬ 
tions  complete  hydrolysis  to  Q  glycol  occurs  (Fig¬ 
ure  3).  Wlien  the  ratio  of  water  to  (J  is  reducixl  to 
at)  volumes,  the  hydrolysis  of  (J  is  slow,  due  to  its 
extremely  low  rate  of  dissolution,  and  after  2  3  days’ 
shaking,  when  2  eqttiv  of  C|~  have  lieen  lilierutcd, 
only  :  Hint  80  85  per  cent  of  the  ll+  to  lie  expected 
on  eomplete  hydrolysis  of  (J  has  lieen  formed.  This 
finding  indirntes  that  sulfonium  salts  are  present  in 
the  hydrolysate.17-1*  The  fuel  that  the  liliemtion  of 
Il+  continues  after  the  lils-rat ion  of  Cl"  is  complete 
makes  it  prolmhle  that  some  of  the  sulfonium  salts 
formed  during  the  hydrolysis  of  tj  are  unstable.17 
If  aqueous  bicnriionatc  is  sulistiluted  for  water,  thr. 
hydrolysis  appears  to  U*  somewhat  slower,  and  the 
extent  of  sulfonium  salt  formation  is  less.17 

After  hydrolysis  of  tj  with  either  wat'T  or  aqueous 
biearlsmate,  a  precipitate  is  present  in  the  reaction 
mixturi'.17  Tlie  insoluble  produet,  obtained  in  35  per 
cent  yield,  v.ns  shown  to  lie  a  higher  homolog  of  (J 
glycol,  |ientaethylenrtetnisulfide-«ss''<li|il  (XXXI).17 
Tlie  same  eom|siund  was  pre|iare«l  by  reaction  of  (J 
with  2  equiv  of  0-mcrcaph,eUuuu-,!,  ;uid  the  identity 
of  tlie  Isolated  pr.sluct  and  tlie  synthesized  eom- 
potind  was  established  liy  eom|iarison  of  the  melting 
(mints  of  the  1 1  incetyl  and  diliensoyl  derivatives.17 
Tlie  fomintiim  of  pent act liylimet et rasu I fi< I iol 
was  presumed  to  is-cur  according  to  the  reaction 
s»s|iM'nis*  given  in  Figiuc  3.  According  to  this  scheme 
the  diol  would  Ik»  formed  by  liydmlytic  cleavage  of 
the  sulfonium  salt  of  Q  chloroliydrin  with  (J  glycol 


+  lift 


ClhHriM  11,011 
U  *lyr»l 


+  net 


Clb-OH 


('tljSt'tljt’lljOlI 

rtlrST-IM-lb-K 


ClhStTM’lbOII 

+ 

JLli!  cihM'ibrihst  imii.oh 

(1  rlM'ilrK  IM'IIZIII 


(IMIlJglMlMill 

i.XXWI. 

t-incRK  3.  Traisfiirmatims  <if  t, 2 -WntU-chlo en-tliyllliinlrili.irii-  (Q)  in  water. 


skckkt 


M 


to  break  Mm*  carlsm-siilfur  ImhcI  to  flu*  /J-liydnixy- 
ethyl  group.  Either  of  t hr*  other  two  rarlion-siilfur 
Issids  to  the  sulfoninm  gnmp  might  linuk,  and  there 
nn>  several  other  xulfonium  salts  possible  which  roukl 
undergo  similar  cleavage.  In  cither  rase  higlicr  or 
lower  lasnologs  of  the  dial  isolated  would  result. '*•” 
Aetuallv,  the  <!iol  isolated  melted  iiInxiI  0  SC  low, 
indicating  contamination  with  other  sulix».micex, 
proluthl.v  homologs.  <2  glycol  wax  also  isolated  fr«*m 
the  hydrolysate  in  20  25  |s*r  cent  yield.'5 

to.6.2  Reactions  of  (J-dilotw  ihyl  (Groups 
of  y  witli  ( ,'om|MHinds  of  Rinrlicnitcal  Interest 

11m*  react  ions  of  <2  with  a  variety  of  funetiona! 
gr>Hi|ix  was  investigated 15  in  much  the  same  manner 
as  was  done  in  the  case  of  the  nitrogen  mustards.  In 
a<|iieotix  hicarlsinate  at  25  C  it  was  found  tha*  (J 
combines  with  the  amino  gnsipx  of  mimenNis  amino 
acids,15  namely,  glycine,  alanine,  histidine,  arginine, 
lysine,  glutamic  acid,  serine,  phenylalanine,  methio¬ 
nine,  and  the  peptide  glyeylglyeine.  Tlie  extent  of 
the  reaction  was  increased  by  mixing  the  /ill.  Evi¬ 
dence  was  obtained  for  a  reaction  of  <2  with  the  sul¬ 
fide  group  of  methionine.’5 

Hy  the  use  of  a  com|M*tition  method,  employing 
glycine  as  a  reference  compound  (see  page  -103),  it 
was  noted  that  <2  combines  readily  with  imidazole, 
the  pyridine*  nitrogen  ot  pyridine  itself,  nicotinic 
acid  and  nicotinamide,  the  imino  nitmgen  of  proline, 
the  cari*o\yl  group  of  sodium  ncetnte  and  ceriss- 
Itcuwtxy  glutamic  acid,  the*  phosphate  group  of 
Xa*IIPOi  <ir  sodium  glycerophosphate,  and  the 
sulfide  sulfur  of  tliMsIiglycol  (T(J).’5  (2  shows  some¬ 
what  h*ss  aetivity  toward  the  tertiary  nitn*gen  of 
aliphatic  amiia-n  such  as  (riethylamiuc  or  triethanol¬ 
amine.’5  Employing  thiosulfate  as  tlw*  reference  suIh 
statu***,  it  was  found  that- 12  combines  with  hexa- 
methylene  tetramine  ’5 

(2  nuets  nudity  with  snlfhydryl  gnsqis,  as  exetn- 
plified  hy  cysteine  or  thiosulfate.’5  The  pnslucts  of 
th«*se  n*aetious,  iIm*  dieysteinvl  derivative  am1  the 
Ihinte  suit  of  <2  have  lieen  isolated.15  11m*  kinetit  s  of 
tin*  thiosulfate  reaetion  have  lieen  studied,  amt  it  has 
been  not«*d  that  the  pns*esx,  as  was  the  rase  with  II, 
is  tirst  order  and  independent  of  thiosulfate  concen¬ 
tration.” 

The  pnshict  of  the  reaction  of  <2  with  thiodiglycol 
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has  lM*en  isolated  a>  a  picryl-ulfoiiate  and  found  to 
have  the structure  XXXII.'5 

Tin*  liy«lrolysis  of  XXXII  has  Irecn  investigated 
in  50  per  rent  acetone  11*11!  found  to  Is*  considerably 
fas'er  than  tlmt  of  the  analogous  eoinismtid  front  II 
and  T<!.'5  Compound  XXXII  also  reacts  with  thio¬ 
sulfate,  and  ones*  again  the  reactivity  is  gi eater  than 
that  of  the  analogous  II  coiu|>uund.'5  In  fact,  It  has 
l**en  |M»ittt<*«l  out  that  the  sutfonium  salts  of  II,  <2« 
ami  f»*(tf-elilon*'thylthi<iclhyl)  ether  (T)  with  2 
eqiiiv  of  Tt  5  imrallrl  in  their  mt«*s  of  hydrolysis  and 
reactivity  toward  thiosulfate,  the  reactivity  of  the 
parent  vesicants.”-'*  Tims,  for  Itotlt  the  eltloro  ami 
the  sulfoninm  compounds  the  reactivity  in  descend¬ 
ing  order  is  t2>*l*> ll.”*-1-*  K’irthemiore,  the  vesi- 
«aney  and  toxicity  of  the  eltloro  eoni|>oumls  an*  in 
tin*  same  onler. 

As  a  result  of  these  studies,  it  would  appear  that 
in  r>r»  <2  wih’M  n*iu*t  with  the  same  ty|>CH  of  func¬ 
tional  grou|»s  as  would  11  or  tlie  nitmgen  mustards. 
(2  diffi  rs  from  II,  however,  in  the  stability  of  its  oxi¬ 
dation  pnslucts.  Both  the  sulfoxides  and  the  disiil- 
fs»ue  of  <2  an*  mmiirkuhly  n*sistant  to  hydrolysis 
cither  in  water  or  in  aqueous  Imurlsumte.”  A  nega¬ 
tive  test  for  Ch  was  obtained  even  after  (2  disttlfonc 
had  n*mained  for  25  tlays  in  aqueous  biciirlsinnte 
solution.” 

19.6.3  Transformations  of  6/s(0-Cliloro- 
etliyltliioetliyl)  Ether  (T)  in  Water 

Tlie  kineiies  of  the  livdnilyxis  of  T  in  dilute  solu¬ 
tion  havelieen  investigated  in  some  detail  (see  Chap¬ 
ter  20).  In  mon-  concrntmtcd  solutions  (j.«*.,  I  per 
cent  suspensions)  T  is  n*poH#*d  to  yjrld  a  mixton*  of 
oily  sulfoninm  salts  which  hail  a  half-life  time  of 
hydmlysis  estimated  to  Is*  3-4  days.'*  Since  T  ami 
its  hydrolysis  pnuluets  eaeli  contain  two  sulfur 
atoms,  *hc  |yossihilities  an*  gniit  for  the  formation  of 
several  diffen-nt  siilbmium  salts.  By  tmitnicnt  of  T 
with  an  aqmxMix  solution  of  TtS,  the  sulfoninm  salt 
(XXXHI)  was  obtained  nsn  Beilieckate.'* Tlie  si|l>- 
stance  hydrolyzed  slowly,  75  |ier  ratal  In  H  days,  and 
consumed  thiosulfate  (s«*c  S«s-tion  10.0.2).''' 

HiK’IM'll.  CIMIMOI 
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Tlie  tractions  of  the  0-clilorwtli.vl  groups  of  T 
with  eoni|M)iiudx  of  biis-bemical  iuten*st  ap|n*ar  Hot 
to  have  lss*n  investigated.  The  n*aetions  may  Is* 
expected  to  |mralle|  Mio*e  of  II  and  <2- 
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Chapter  20 


KINETICS  OF  REACTIONS 


OF  SULFUR  AND  NITROGEN  MUSTARDS 


By  Rnrnctt  Cofirn 


20.1  IN'  ‘DICTION 

>IK  ki.vkticm  of  #Ik*  read  ions  of  the  sulfur  ami 
nitmgen  nutstanls,  as  revealed  hy  investiga¬ 
tions  conducted  in  tin*  United  States  and  United 
Kingdom  during  World  War  II,  are  summariard  in 
this  chapter.*  Although  the  data  ore  reviewed  la*m 
IsTunse  of  tla*ir  significance  to  physiological  mecha¬ 
nism:-  of  lu-tion,  it  should  In*  noted  tluit  they  lM*ar  also 
upon  tin*  contamination  and  deeonfaminntion  of 
water,  hasl  supplies,  materiel,  and  terrain,  and  upon 
the  stabilisation  of  the  agents  in  storage. 

The  kinetic  data  may  In*  reconciled  with  the  fol¬ 
lowing  two-step  meehnnism  for  the  reunions  of  laith 
tla*  sulfur  and  idtrogen  nutstanls.  HZCHd’UiUI  is 
taken  ns  a  nasle!  jS-ehlor«N*t.hyl  eom|smnd  in  which  % 
represents  the  sulfur  or  nitrogen  atom: 

Step  A.  Tlie  reversible  thermal  aetivation  to  a 
ryelie  oninm  ration  with  lilicnition  of  (‘I  : 

+ _ 

KZCIM'IMI  ^  ttW’IWII,  +  Cl-  (1) 

Strfi  H.  The  react  ion  of  die  ryelie  onium  ration 
with  anions  ami  with  various  uneharged  nucleophilic 
molecules  to  form  tin*  end  products  of  the  overall 
reaction: 

•f 

ItJU'IM’lh  +  X  — ►  ItWtMitX  (2n) 

+ 

ItMIM’ll,  +  IIX  — ►  ItZC'IM’il.X  +  If  (21.) 
f 

ItZCtM’lt-  +  UN  — ►  UM*ll-CII,Xlt  ;2e' 

Bepresentative  examples  of  X"  in  equation  (2a)  are 
(T  (in  which  cam-  step  B  is  the  reversal  of  step  A), 
Dll",  Hf'OO  ,  US  ,nnd  S5Oi".  Important  examples 
of  IIX  in  equation  (2f*>  are  11.0  and  KXII-.  Im¬ 
portant  examples  of  ItX  in  equation  (2e)  are  reac¬ 
tions  with  tertiary  amine*  <e.g.,  pyridine)  and  alkyl 
sulfid<*s  (e.g.,  methionine).  II*  is  Hls'm1(sl  only  in 
the  <itsc  of  the  second  of  the  three  possible  types  of 
reaction  in  step  B. 

» Itiwsl  mi  Infiirmntlitii  n volbiltts*  )<•  Division  t»  of  tU<  Nn- 
tiomil  I tcfciiM*  Hcwiircti  Coinmittpe  iis  of  Hcpicnils-r  I,  lilt.*,. 


TIm*  hydmlysis  pnslucts  of  stdfiir  nutstanls  (e.g., 
tliiodigl.vcoli  etui  enter  reaction  (2e)  with  the  forma¬ 
tion  of  a  series  of  sutfonium  derivative's.  I .incur  him! 
ryelie  quaternary  ammonium  derivatives  can  In* 
formed  hy  rompnnihle  mictions  of  the  hydmlysis 
pnNluets  of  tlie  nitrogen  mustanls.  .Moreover,  (lie 
ryelie  onium  ration  can  react  with  tlie  tertiary  nltm- 
gen  atom  of  an  unchanged  nitmgen  mustnnl  to  form 
a  series  of  linear  and  ryelie  polymers  containing 
d-chtoroelhyl  gmups.  Tla***  latter  mictions  are 
quantitatively  important  in  c.wiccntnited  solutions. 

In  tlie  eases  of  tlie  im|Nirtant  nitrogen  and  sulfur 
miistmds,  which  contain  more  than  one  0-chloro- 
etliyl  gnmp,  the  two-step  miction  is  n>|N*nti*d  with 
etteh  group. 

Step  A  is  the  mte-detennining  reaclioii  of  tlie  sul¬ 
fur  mustards.  In  tlie  ease  of  tlie  nitrogen  mustanls, 
owing  to  the  greater  Imairity  of  nitmgen  mlative  to 
sulfur,  step  B  is  so  much  slower  tlmt  it  liemmes  tlm 
rate-rontmlling  miction.  This  is  tla*  Incus  for  im¬ 
portant  (|tmntitative  differences  lietwcen  the  re- 
aetion  kinetics  of  the  two  einsses  of  compounds.  Thn 
ryelie  onium  eations  of  the  nitmgen  mustanis  aeru- 
mulate  in  solution  ami  then  disappear  a*  a  result  of 
hydmlysis  ami  other  mart  ions:  the  nite  of  disap|M*ur- 
anre  of  tlie  onium  eati«m  varies  with  tla  nature  a.id 
concentration  u*  X-,  IIX,  and  IIX.  In  eontnu*!,  tla* 
ryelie  sutfonium  ration  of  tla*  sulfur  mustanls  dues 
nut  aeeumulate  to  ati  nppreeialik*  extent,  lait  thr. 
nite  of  formation  of  the  final  pi-mliiet*  is  still  dc- 
prmlrnt  on  the  natme ami  ronrcntrataMi  «»f  X",  IIX, 
ami  R.i.  In  the  ease  of  tla*  sulfur  mustang  it  )ia>  not 
I  wen  poMulde  to  rirtrrmm.*  the  alisolute  rates  ot  imti- 
vidual  nwtions  in  step  It,  hut  tla*  mlative  r.ites\«»f 
tla*  maetion  of  Ma*  eyelie  laiium  ion  with  jNiirs  of 
**eom|a*tilor.s**  (X~,  IIX,  KX)  ran  In*  ascertained  ex- 
|N*rim<*ntally.  In  this  manner  a  series  of  mlative 
vehs-ity  constants  or  eompetitiim  factors  luis  Intii 
laiilt  up.  In  view  of  tla*  important  physiological  mk*s 
attrilnitcd  to  thiol  eomiaainds  in  mctoixilism,  it  is  of 
interest  to  note  that  tlnol  anions  ,‘r.g.,  tluoplios- 
phonut<*s,  thiosulfate,  cysteine)  have  utiiipiety  high 
mu'thm  mti*s  with  aetivat«*d  sulfur  niustanl. 

'ria*  ovendl  mieti«Mi  nite  in  the  en*e  of  the  sulfur 
mustanls  is  inde|N‘iident  of  />ll  over  a  wide  range. 
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TIh*  com.ponding  reactions  of  the  nitrogen  mustards 
Hit*  pH-dcpcnd'iit.  This  results  from  tlK*  fart  that 
the  nitrogen  mustards  arc  wrak  Imses  which  can 
unilergo  tin*  initial  miction  of  eyelization  (step  A) 
only  when  they  are  in  the  form  of  the  uncltnrgcd  Imsc 
molecule.  Inasmuch  ns  miction  (2l»)  (including  hy¬ 
drolysis)  lilie  rates  II',  the  kinetics  of  the  nitrogen 
mustards  in  unlniffeml  solutions  may  Ivecome  highly 
complex. 

In  tlie  detailed  review  which  follows,  the  niln«rn 
mustards  an*  considered  first  Ixmusc  the  tlieory  of 
their  miction  mechanisms  is  I  nisei  I  on  more  complete 
and  direct  evidence  than  is  available  for  tlie  sulfur 
com|Mitinds. 

20.2  /JCIII.OROKTHYI.tMINKS  IN 
IIOMOtiKNKOl’S  SOLUTION 

A  tendency  toward  intnimoleculnr  cyclizntbm  ns 
the  initial  miction  in  a  polar  solvent  is  a  rlmmetor- 
istie  property  of  primary,  seeomlaty,  and  tertiary 
atkylamines  in  witieh  one  or  more  alkyl  pimps  are 
hnlogcnatcd  in  tlie  lietn  toomega  position.  The  trans¬ 
formation  yields  halide,  anil  a  more  or  less  stable 
heterocyclic  compound.  In  tin-  ease  of  primary  and 
secondary  amines,  the  hetoroeyelc  may  lie  cither  an 
inline  or  an  imor'im  ion,  depending  upon  the  pll. 
Tertiary  amines  yield  exelusiveiy  the  imonium  bin. 
Tlie  investigations  of  tlie  past  several  years  upon  the 
tertiary  0-chlomctliylnminc*  have  considerably  ex¬ 
tended  the  description  of  tlie  chemistry  and  kinetics 
of  this  interesting  gn  up  of  compounds,9  and 

in  particular  have  demonstrated  tlie  considerable  re¬ 
activity  of  the  cyclic  cthylcnim'inium  ions  as  alkyl¬ 
ating  agents. 

!n  the  case  of  the  /rTmari/  lmtogvnutcd  alkvl- 
amincs,  the  kinetics  of  the  eyelization  process  in 
aqueous  and  part-aqucc.us  solutions  had  liccn  studio! 
rather  extensively  iiefore  the  war.4*  Tlie  forward  pmr- 
em  of  ring  formntHin,  under  proper  conditions,  was 
estnblishol  ns  a  strictly  first-order  reaction  unnf- 
fcoted  hv  mislerate  concentrations  of  salt,  alkali,  or 
tlie  ii:  ual  omtaminniits: 

+ 

vciMfii,).xn,3?*r'wrrr,)  +  x- 

...  | 

riwrtiA.Mi  +  it- 

TIm'  rate  of  rvrlization  was  shown  to  lie  infiueneol 
by  the  length  of  the  side  chain,  b>  the  sidistituents 


tliemm,  and  i>.v  the  nature  of  tlie  halogen  and  of  the 
solvent.**  As  indicated  in  the  equation  ulmvc,  the 
process  was  known  to  lie  reversible,  Imt  the  kinetics 
of  the  Imck  reaction  ilo  not  seem  to  have  liocn  studiol 
in  the  early  investigations,  except  for  unsuccessful 
attempts 44  to  detertiiie*-  the  0|tiilihrium  constant  in 
the  0-chlorncthyimninc  system.  Tin*  failure  was  proli- 
aldy  due  to  interference  hy  side  m,<‘tioits  ((xilymeri- 
zations).4*  It  is,  in  fuel,  known  that  dimerization  and 
polymerisation  eun  take  place  and  liecomc  quanti¬ 
tatively  important  in  convent  nded  solutions  and  at 
elevateil  tem|x>ni»ures.*J  ‘ 

Tlie  nitrogen  mustards  which  have  liocti  of  gmil- 
(^1  interns.  as  |Mitential  chemical  warfare  agents  dur¬ 
ing  World  War  II  are  nil  tertiury  amines  of  the  gen¬ 
eral  type  ((‘l(*l!/‘l!t)tXU  where  II  is  either  an 
alkyl  or  n  /J-chlorocthyl  gt  ip.  Consequently  the 
most  detailed  recent  studies  concern  these  tertiary 
amines,  Imt  primary  and  secondary  halogcnatcd 
tilkylamines  have  also  received  some  attention. 

Since  for  linlngrniitod  tilkylamines  in  general  tin' 
pieces*  of  eyelization  consists  in  n  displacement  of 
the  alkyl  halogen  by  the  Imsic  nitrogen  atom,  tlie 
Imsieity  of  tlie  nitrogen  atom  is  a  factor  determining 
the  mise  .if  tlie  displacement.  Moreover,  eyelization 
cannot  occur  when  a  proton  Iseomes  eisirdinatisl 
with  the  nitrogen  atom.  Consequently,  in  the  ease  of 
the  nitrogen  mustards,  which  are  all  more  o*  hi*' 
weak  Imses,  the  miction  rate  will  lie  a  function  of  pH 
in  solutions  of  moderate  and  low  pH.  For  the  same 
reason,  tlie  salts  of  the  nitrogen  mustards,  in  the  nlt- 
sence  of  sufficient  excess  of  strong  acid,  suffer  some 
dissociation  to  tlie  frre  Inihc  which  will  cyrlize  at  its 
characteristic  rate,  'lids  oeeiHints  lor  the  finding  that 
tneir  hydrochlorides  in  water  solution  hydrolyze,  but 
only  nt  a  very  slow  rate.  For  example,  it  has  liccn 
calculated  that  a  0.1  A#  solution  of  the  hydrochloride 
of  met liyt-fc»«(0-ehloroethyl famine  (IIN2;,  in  the 
presence  of  a  slight  excess  of  HCI,  decomposes  at  n 
iinimoleeular  rate  with  a  half  life  of  approximately 
3  years4**  (di**ieintioo  of  tlie  I  wise,  eyelization,  and 
sulise(|tK'iit  hydrolysis  wen*  included  in  the  esti¬ 
mate). 

In  a  natural  water  containing  a  dissolved  nitro¬ 
gen  mustard,  or  in  an  aged  solution  of  n  nitrogen  mus¬ 
tard  in  distilled  water,  uncontrolled  acidification 
occurs,  usna'ily  as  a  result  of  the  hydrolysis  ; f  tlie 
cyclic  intermediate.  The  concentration  of  residual 
free  amine  is  thus  altered,  thereby  complicating  tin* 
kinetics  of  the  initial  eyelization  miction  mid  also  of 
sulisrqucnt  mictions.  Tlie  result  in  such  unlniffeml 
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solutions  i*  a  complex  **bift inn  equilibrium  of  com¬ 
ponents  and  react  i«ms  wliirh  are  extremely  tlifflcmlt 
to  formulate.  fn  such  rases,  the  mil  pnxlucts  at  equi¬ 
librium  will  depend  more  or  k-ss  on  the  initial  con¬ 
centration  of  tin*  amine,  its  notability,  and  the  re¬ 
activity  of  each  component  of  the  system  an  con¬ 
ditioned  by  tin*  progressively  changing  pH  daring 
the  reaction. 

In  kinetic  ntadien  the  complicntionn  mentioned 
alH>ve  have  generally  lieen  avoided  in  part  by  meas¬ 
uring  the  reaction  rate  in  the  prenence  of  excess 
alkali.4*  Pmrcdurrs  *-41'  employing  luiffers  to  main¬ 
tain  constant  pH  Imve  tlie  disadvantage  of  intro¬ 
ducing  Iniffer  anions  which  may  modify  the  sulisr- 
<iue*it  auctions  of  the  cyclic  imoniam  ion.  A  theo¬ 
retically  more  satisfactory  and  flexible  method  " 
maintains  constant  pH  without  Iwiffen*  by  means  of 
successive  micro-additions  of  alkali  under  electro¬ 
metric  control.  Under  these  conditions,  the  olwervrd 
rate  of  cycliiation  is  proportional  to  the  degree  of 
acid  dissociation  (.t)  of  the  ammonium  ion  «»f  the 
amine,  thus: 

Km 

Otis,  rstp  ronsinnt,  -  nk,  • 

wlierc  At  is  the  rate  constant  at  pH  conditions  under 
which  the  ammonium  ion  is  hilly  dissociated  (a  »  I ), 
and  Hi  is  »hc  upjmrcnt  dissociation  constant  of  tlie 
ammonium  ion  as  an  acid. 

2«.2.l  (ieneral  Formulation  of  Reactions 

The  more  or  less  systematic  kinetic  studies  which 
are  tlie  main  concern  of  this  survey  were  conducted 
under  three  general  types  of  experimental  conditions: 
(1 1  in  unbuffered  wnter  Mil  at  constant  pH,  with  the 
amines  at  low  (0.00(15  0.(**^»3/)  concentrations;  "•** 
(2)  in  hirariionate-buffcrcd  wnter  (pH  7.5  8.5),  usu¬ 
ally  witli  the  amines  at  relatively  high  (0.08  0.153/1 
concentrations;  *  *  and  (3)  in  unbuffered  acetone- 
water  solution,  with  the  amines  at  relatively  high 
concentrations*  t  "’ ar  Tlie  data  establish  with  high 
pmlmhility  that  the  reactions  of  the  tertiary  /f-chlom- 
ethylnmines  follow  the  general  scheme  isit lined  in  »he 
introduction  (Section  20.1).  For  these  com|satnds 
step  A  may  Is-  written  with  its  velocity  constants  as: 

+ 

*. 

H»N<iMiW1s=£:«.X(’IMIIs  +  n'  (t.n 

i -i 

Under  the  experimental  conditions  tlie  |aissib|e  si- 
rnultaiHsKis  and  successive  reactions  in  step  B  are: 


+  _ 

It.XlWlh  +  IhO  It.XCIU’IMUt  4-  II  •  (2d) 

+  _ 

H.XCIMH,  +  lt,XCtlA‘!M't  linear  «ml 

cvrlic  (Iiiimmn  (2i>) 

+ 

1  *  i. 

HiXCiM'll,  +  ll.XC'lljC'lljOll 

+ 

IhXClUihXrilKl'IM’IMUl  C’f) 
In  the  case  of  amines  containing  two  or  three  fl-ehlo- 
niethyl  gnstps,  the  reaetion  sequence  is  undergone 
by  rarh  sueh  group  in  sueeesaioti. 

In  tla>  following  prrsentatiiMi,  eyelisatiou  (In),  re* 
versal  of  eyelisation  (la),  hydrolysis  [(2il),  a  sjieciul 
rase  of  (2h)],  dimerisation  £(2c),  a  Hpraiul  ease  of 
(2r)J,  tuid  addition  of  elect  ran  donors  [certain  re¬ 
actions  of  tyjies  (2a)  and  (2ej,  including  (2f)  ns  a 
sjxx'ial  case]  are  discussed  consecutively. 


20.2.2  Cyclixation 

Tim  olwcrved  rate  of  the  forward  reaction  of  tlie 
ni!  logon  mnstanls  and  their  analogs  in  water  at  eon- 
slant  pH  has  lieen  found  to  conform  strictly  to  that 
of  a  first-order  process  in  dilute  (up  to  0.013/)  solu¬ 
tions  of  the  amines,  anil  to  lie  complicated  by  higher 
onler  reactions  at  higher  conrcntrutioiia."  Tlie  aver¬ 
age  beat  of  activation  of  this  reaetion  in  dilute  solti- 
•ion  is  approximately  22.5  keui  mole  for  the  two 
tertiary  and  the  two  secondary  «mwo(/J-ehlomcthyl)- 
amines  examined,  and  24.5  +1  krai  /mole  for  the 
seven  tertiary  6M(/S-eliIoroetliyl)iunincs  (six*  Table  1 ). 

(traction  (la)  can  Is*  ronecived  **  as  prisxxxling 
through  an  intermediate  rarlioniiim  ion  (In)  stage: 

+ 

+•  <  ~  < 

IbXCIIjCIIAI^HjXClW'lbd  ^Ib-XCIM’lb  +  ti- 
di  dm  (to 

The  !iy|sitlietieal  compound,  la,  should  hydrolytic 
dinx’tl.v  tbraiigb  an  ri.vl  prises*,  and  titrimetrie  evi¬ 
dence  tending  to  support  this  mechanism  has  lieen 
offenxl,4"  However,  careful  eleetrametrie  measure¬ 
ment*  failixl  to  ixirralsmite  this  n^«*crvntinn.M•,*•  The 
(sistulutcd  enrlsiuiiini  iou  is  doubtless  formed,  but  its 
great  (use  of  intramolecular  eyelisatiou  through  the 
infltn  nee  of  the  ckx-tmn  donating  central  nitrogen 
atom  should  kxive  praericully  linin'  of  the  inn  avail¬ 
able  for  the  much  slower  hiniolceular  reaction  witli 
water. 

In  agreement  with  the  evidence  that  tlie  rate  of 
eyeiisation  is  determined  by  tin*  thermal  activation 
of  the  utielmrgixi  amine,  it  wa*>  shown,  in  the  case  of 
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Taw.K  1.  KinctiP*  nf  initinl  pyp|i*n(lnn  of  rnlnin  fMiliiwrthylatiiinpn.  TIh>  pom|nmmli<  ntv  «rnm*il  in  (ln>  iirilor  of 
inm-axinit  ntnliility  in  wnlor  nl  25  (’. 


Aflivntion 

(’imp.  -  0.0005-0.00255#  in  witter" 

(’imp.  -  0.005-0.153# 
in  00.7  |*or  p**nl  iteetnne 
in  w«ter  '* 

rnputy  in 

25  (*  j 

37  (’ 

25 

(’ 

C'omiMmnd 

water 

(kcnt/motr) 

*• 

*. 

pit  -  7.4  j 

llelntive* 

A*i 

pk: 

(min-1) 

(mitr1) 

or 

if  (min) 

pKl 

(min-1) 

CIKCII.), 

/ 

X- <11**11/1 

23.0 

0.7 

1.80 

8.20 

0.80 

0.01M 

,  , 

4  .  4 

Vll/11/1 

(’ll/'ll/’ll. 

X-CIM’IMI 

24.8 

(1.5 

0.020 

4.05 

0.03 

0.16 

•  44 

YlM’IMI 

«’ll,).Cll, 

N^’IMiMI 

24.0 

(1.4 

0.027 

3.01 

0.05 

0.24 

V 

\ 

CIM'llid 

nwn. 

/ 

x-riW’ii, 

» 

8.(1 

0.557 

2.52 

0.10 

2.7 

8.0 

0.20 

\ 

C’lWIMI 

ciuil, 

N-CIW’IWI 

2.V0 

0.4 

0.527 

2.70 

0.05 

0.20 

5.8  ; 

008 

\ 

<11*11*1 

(IINI) 

CIM  11,(1 

/ 

X’-elWIWI 

j 

24.7 

4.2 

0.31 

1.50 

1.0 

0.44 

i 

1 

1 

2.5? 

0.(1055 

OIM’IM'I 

CIM’IM»CII, 

N-CIM’IW’I 

J 

24.0 

•>.3 

0.22 

1  00 

1.0 

0.04 

\ 

<11**11*1 
(II,  l 

/ 

x-m*ii*i 

i 

24.1 

0.23 

O.OiW 

0.43 

1  0.00 

[  1.0 

5.0 

0.02 

riM’IMI 

(IIN2) 

ni. 

/ 

X- CIM’H.OH 

i 

21.0? 

7.3 

0.081 

0.313 

1 

! 

; 

0.(,7 

3.3 

\ 

<11*11*1 

CIMH, 

X--(iWiM»H 

j 

•• 

1 

....  j 

i 

' 

0.0 

| 

0.13 

<11*11*1 

! 

I 

*  IMntiu*  to tt  trf  lit lumirn*.  thr  4f»«Mi»'mti»*» « 4  wm  «*•  lw  *»m»*  uiWTtn  »♦•*« »*H-*»f(^  «4uf i<m  n*  iw  main .  AT*  *  *  1,1  * 
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Taxi.*  I  (Cimhnutil) 


Activation 

(‘•me.  -  n.ontrt  -0.0021.1/  in  wntet* 

Cone.  -  0.(XVH).IAM 
In  tut.?  fx*r  cent  n return* 
In  water1* 

energy  in 

i  23  (‘ 

37  C 

230 

(*ofn|MMiml 

(k(*nl  mote) 

k, 

all- 

7-4 

Itclitivc* 

k. 

pK,‘ 

(min’1) 

(min'*; 

0 

1  It  (min) 

pKi 

(min*’> 

II 

/ 

N —(‘lid'll. 

\ 

(’Ild'lljCI 

It 

/ 

22Ji? 

0.3? 

0.0004 

1 

0.042 

0.020 

823 

N— (‘II, 

\ 

C’lW’IWI 

as? 

i 

0.2? 

o.mw 

0.030 
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IIN2,  that  the  into  wax  not  influent***!  In*  a  change  in 
the  ionic  xtrength  of  the  medium." 

The  xpcrific  ratex  of  cycli&ition  ax  ohxmvd  in  un- 
laifferrd  a<|tc*Mix  xolution  at  conxtant  pH  **  and  in 
IMi.7  |ier  cent  acetone-water  xolution  ••  arp  xumma- 
rised  in  Talrk*  I.  Talatlatod  alxo  a**  the  decree  of  dis* 
xociation  (a)  and  the  half  life  (/•)  of  each  comptxtnd 
in  water  under  physiological  conditinnx  of  pH  and 
temperature  (pll  7.4  am!  37  (’).  la***  preeixe  rate 
xtiMliex  *  made  in  aipietaix  hicarimnate  latfferx  at  pit 
7.5-S.5  indicated  xulwtantially  the  xame  orders  of 
magnitude  for  ki  ax  those  found  in  unlaifTcred  a«|ue- 
imx  xolution  ut  constant  pll.  The  valuex  for  k,  in 
water  include  implicitly  a  factor  for  the  Imck  re- 
action, *•  lait  the  indications  an*  tha*  thix  factor  ix 
ncgligiltle.  <)t  Nervations  «"  upon  11X2  in  ft  ami  30  per 
cent  ethanol-water  sohtthxix  yielded  for  kt  the  vaha* 
0.07  O.OR  min  •  at  2ft  T,  and  0.31  min  •  at  38  (\ 
The  onlcr  «»f  lability  of  thf  homologtxt*  tertiary 
/bchloroethylamincs  in  water  lx  comparable  to  that 
report e*l  for  6M(0H*hliM*M>thyl)  sulfide  (II)  «utd  three 
*»f  its  homol««x ,M  (see  Table  7). 

In  eret one-water  xolution,  the  magnitude  of  kt 
wax  fiNiml  ••  to  lie  larger  in  the  following  cases:  in 
the  case  id  a  **mngrr  lmse,  liecauxe  it  ix  a  letter 
electron  donor;  in  the  case  of  a  less  hindered  Imxe; 
and  in  tlie  case  of  an  amine  with  more  freedom  of  ro¬ 
tation  which  ix  not  fmaen,  thus  resulting  in  lexx  en¬ 
tropy  ileereaxe  on  formation  of  tlx*  cthylcnimonium 
hat.  Similar  general  ilcduetitaix  may  la*  drawn  from 
tla*  data  obtained  in  water,  alttaaigh  Table  I  dix- 
cloaes  an  una***xintable  irregularity  in  the  dixtrihu- 
tiiat  of  the  valuex  of  kt  in  acetone- water  dilution  ax 
eompaml  with  tla*  naresjaxiding  valla’s  in  aotaxaix 
solution. 


The  effect  of  change  in  water  concentration  upon 
the  cyrlisation  of  HN2  in  unlatffcn*l  acetone-water 
xolution  at  25  C  ix  xtunmariard  in  Taltle  2.<v  It  may 


Toil  2.  Kirs* in*  id  ejrdiaiiiM  of  mat li.vtAiaf d-rhio- 
RN*th.vlpmi>H*  (IIN2)  in  arvlixtr-wntrr  solution*. 


Molnr  nmr. 
«f  water 

Relative  vnlta* 
nf  kt  at  25C 

Activation  energy 
(K,  in  keel /mole) 

bog  II* 
(see-1) 

1 

1 

to 

3.3 

K 

10 

12 

3.8 

to 

200 

17.4 

It. Oft 

27 

480 

17.0 

11.73 

i,onnt 

24.lt 

14.0t 

*  N  »  0m-  ln«|irt*lamiiMlr|irw|piil  fa-tnr  In  On-  Arrhmtlxi  t-mmOnn: 
h  -  H.r  K  KT 

t  I'Rlmhilnl  faun  ikt*  <4  T»l*-  I. 


la*  noted  that  the  activation  energy*  of  11X2  in  pure 
water  ix  nwentinlly  tla*  **nna*  ax  that  fia*  tla*  removal 
of  ehlorlne  from  a  primary*  alkyl  eldorhk*,  lait  tlrnt  na 
the  water  concentration  ix  diminished,  tla*  pnieewt, 
nlthixigli  mwh  slower,  becomes  less  tempemture- 
deperalent  .«*•** 

Reversal  cf  Cyrtixation 
The  formation  of  HX2  from  the  l-metliyM-fff- 
ebhiriK*thyl)ethviminMaiium  am  fill) 

(lb 

+/  \ 

o»i,x — -cii, 

YlM'IMI 

«tii»  **> 

V 

in  u<|ia*aix  solution  wax  studied  in  detail.53*  Thix 
process,  the  reversal  of  tlie  eyrlisalaon  reaction  (la), 
yielded  a  himokx'idar  rat**  constant  ik  ,/  which  wax 
strongly  influcm***i  by  the  ionic  streng«li  (ji)  of  tla; 
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solution  as  defined  by  the  following  equation  appli¬ 
cable  at  37 (*;  -0.875  in  the  logarithm  of  (ho  bimo- 
lecnlar  rate  constant,  A°-i  *  0.13,  extrapolated  to 
pm  0,  and  —  1 .0370  is  the  applicable  Dchyr- 
Ifflrkcl  constant : 

log*.,  -  —  0.875  -t.renv  4-O.Vvla 

T!k»  distinctive  effect  of  the  ionic  strength  upon  the 
kinetics  of  the  reaction  with  Cl”,  as  well  us  with 
(see  Table  3),  identified  HI  uniquely  ns  a 
singly  charged  positive  ion.**r  This  identification  is 
in  Iwrtnony  with  theoretical  deduction  from  con¬ 
ductivity  measurements, ln-(s  ami  from  tin*  compo- 
sition  of  tlie  isolated  pierylsulfonatc  of  III.* 

Tlie  ef|uilibrium  < ‘oust ant  for  tlie  reversible  re¬ 
action  (la),  in  the  case  of  IIX2  in  water  (0.005.1/  at 
37  ('),  was  ftstnd  to  lie  A'«,  ■**  3.08  imdc-'l  at  p  *  0, 
ard  0.57  at  p  -  0.154  -physiological  saline).  Tlie 
latter  value  corresponds  to  97.0  per  cent  reaction  in 
favor  of  HI  at  theoretical  equilibrium.3*  The  values 
of  the  Imck-rraction  constants  of  the  other  d-chlom- 
eth.vlamines  which  have  lieen  studied  may  Ik*  de¬ 
duced  from  tlie  data  Riven  Mow  [see  reaction  (2a) 
and  Tables  3  and  4]. 

In  00.7  per  cent  acetone-water  solution,  k. i  was 
nls>>  fmind  to  lie  sensitive  to  tlie  ionic  strenRth  of  tlie 
solution.’-1*  For  ethyl-hi*(/?-ehloriicthyl)nmine  (I1X  t ) 
and  IIX2  at  25  C,  the  values  of  k. ,  were  determined 
by  graphical  and  mechanical  analysis  of  the  experi¬ 


mental  data  and  found  to  lie  1 .5  and  I .  t  n*s)>cctively 
(p^O.I).  In  spite  of  the  temperature  difference, 
these  values  are  of  a  higher  order  of  magnitude  than 
those  found  or  ralrulutrd  ft>r  water  solution  at  37  C. 
liirge  effects  of  this  kind  would  lie  cx|x>ctcd  in  re- 
actions  Ixdwoen  ions  of  different  sign  when  the  dl- 
ek’etriv  constant  of  the  medium  is  lowered,  Isx-ause 
all  effects  due  to  interionic  attraction  wtsild  Ik*  in¬ 
creased.  For  X,X-riiclhyM-rhtonicthylnniinc  in  t»ti.7 
per  cent  acetone-water  solution,  I*  t  is  stated  to  la* 
very  low.1* 

Addition  of  chloride  ion  (as  Nad)  retanls  the  ap- 
parer.t  rate  of  eyclisntion  of  1 1X2  in  water;  *•  at 
/»!I  8.0, 30  C,  and  a  m  0.005-0. 10,  tlie  data  conform 
to  the  following  empirical  linear  relation  in  which 
—0.052  is  the  logarithm  of  Ft  extrapolated  to  »>ro 
chloride  convenient5  i: 

log  *,  -  —  0.052  -  o.tm  CC*|-]S  \ 

MJ.t  Hydrolysis 

Reaction  of  the  ethylenimonium  ion  with  water 
proceeds  much  more  slowly  than  the  initial  cyclixa- 
tion.,M,'M  TJmsigh  the  mugo,  /ill  3.0  8.5,  the  rate 
of  hydrolyms  of  III  remained  constant  within  the 
experimental  error.1*  Tlie  kinetics  of  the  alkaline 
hydrolysis  of  tlie  ethylenimonium  ion  liuvc  not  lieen 
adequately  analysed.  From  tin*  practical  standpoint, 
IIX2  ran  Ik*  deeontaminated  by  treatment  with  ex¬ 
cess  aqueous  alkali  for  I  -2  hisirs." 


Tasi.c  3.  Kinetics  of  tractions  of  imonium  ions  of  nitrogen  mikUnnis  with  If/),  K/)r_,  and  IfCO?.  The  tnlsilnlcd  figures 
tire  the  liimotcnilnr  cite  ronstnnls,  k,  for  rmrlion  (2d  1,  and  *•»  for  rniptsm  (2n).  The  dimensions  of  I  Is*  nmslmits  me 
litcr/molc  min. 
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The  relative  stability  of  cyclic  imonium  ions  in 
general  permits  the  direct  evaltmtiou  of  their  rates 
of  hydrolysis  under  suitable  conditions  Data  are 
available  for  seven  of  these  ions  at  low  concent  nit  ions 
in  unbuffered  n<|ueoua  solution  at.  constant  pH." 
The  bimolccutur  nite  constants  at  37  ('  are  given  in 
Table  3.  They  confirm  tlie  report  “  tliai  for  the 
homologous  (/J-chlons'thyhethylrnimotiium  ions  of 
the  t  vpe 

+ 

I  . 

it— xriisCii, 

I 

nwiMi 

the  hydrolysis  mti*s  in  water  increase  in  the  follow¬ 
ing  order: 

It  -  C'dl-CCItelM'IUcOIKai.h 

Tlie  activation  energies  for  the  hydrolysis  in  water 
of  tin*  l-O-idiloroethyltethylenimonium  ions  of  HXI, 
11X2,  and  isopropyl-h>sO-ehlonM*thyltamine  wen* 
20  ±  I  kcal  mole  within  tlie  tempemlnre 'range  of 
37  50 C*.  The  heat  of  activation  for  the  hydrolysis 
of  tlie  1  -met hvl- 1 -(/J-hydnixyct hvl )et hyler ‘ motiium 
ion  wais  found  to  lie  27 (  ±  2)  keal  molr  within  the 
temperature  range  of  25  37  (V* 

B:  tween  pH  3.0  ami  8  5  (p  *  0.005),  the  hydmly- 
nis  rate  of  III  in  water  remained  constant,51*-*  imii- 
enting  that  very  low  eonrentrathms  of  Olf-  hail  a 
negligible  effect  on  the  process.  Change  in  m  at  low 
ionic  strengths  shoold  not  affeet  the  hydrolysis  rate, 
luit  at  high  ionie  strengths  (ji  =  0.1  0.5)  the  hy- 
diolysis  rate  of  III  was  retarded  12  30  per  rent  awl 
passed  thnsigh  a  minimum.51* 

A  full  rleseription  of  the  overall  kinetirs  of  X- 
*nethyl*ffs‘hlons-thvl-^-hr<lnix\Tthylamine  in  dilute 
aqueous  solution  at  pIP  }A  and  37  <’  was  obtained 
with  tlie  aid  of  I  hr*  experimentally  determiner!  con- 
stants,  pK'„  kt,  ami  k,  (k-\  assumed  neg!igible).,, 
By  eondiining  these  data  with  the  corresponding 
values  of  pK'„,  kt,  and  kr  (k-%  ftsind  ncgligi'iie)  for 
IIX2,  the  overall  kinetics  of  cyrlizntion  ami  hydroly¬ 
sis  of  tlie  latter  compound  at  pH  7.0  and  37  ('  cistld 
Is*  fully  ikwriW8*  as  a  series  of  fisir  successive 
itnimolcctilnr  or  pscttdo-unimolcculnr  reactions.  In 
this  <|e<eription  tlie  assumption  was  maili  that-  (lie 
two  successively  former!  ethylenimnnium  ions  re¬ 
acted  to  a  negligible  degree  umler  the  experimental 
conditions  with  the  end  pnsluet,  met  hy  Idiot  ham  tl- 
amine  (pK’„  --=  8.3).  This  assumption  was  sulisc- 
<|iiently  verified  analytically.541 
In  <U'.7  jut  cent  acetone-water  solution  at  25  C, 


pH  uncontrolled,  the  following  psciidiHiuimolcculnr 
values  for  lr„  wen*  reported:  fm(d-ehhirm*ihyl)i\miw* 
(IIX3),  ~  0.03  miir';  HXI,  0.tK)57  min  11X2, 
0.001  min-'.10-*4  These  values,  oom*ctod  for  the  eon- 
cent  ration  of  water,  are  recorded  in  Table  3  and  show 
the  expected  order  of  magnitudes,  except  that  the 
hydrolysis  rate  of  11X1  seems  to  Is*  uncx|>evt<*dly 
high.'9 

20.2.5  Dimerization 

Tin*  dimerization  process  (2c)  in  solutions  contain¬ 
ing  water  can  lie  formulated  as  nil  initial  i.jinoleeular 
addition,  followed  by  eyelisation  with  the  elimination 
of  (‘I  -,  as  follows: 

+  _ 

<IV»  *v* 

itfXCifjCit,  cue'll, 

\+  rmiwl  +/  \  + 

►  lt,X  Nil,  +  Cl 

✓  *  \  / 

'1CU.CH,  CIM’li, 

llJarar  illattti  (tVltr  illmcri 

Because  of  favorable  configuration,  the  transforma¬ 
tion  of  the  linear  dimer  to  tlie  cyclic  dimer  is  n  rapid 
process.5-*  The  direct  dimerization  of  two  cyclic 
imonium  ions  (V)  has  lieon  suggested,*  hut  cicetm- 
stntie  const*  lonitior.*  would  appear  to  make  it  a  less 
likely  tncchankun.  However,  since  eldoridr  ion  is 
usnaily  present  in  tlie  system  and  promotes  the  re- 
eon version  of  V  to  IV  (rowrsoi  of  ryrlizntion),  it 
might  appear  tluit  direct  dimerization  hnd  isrurrod. 

In  (Ml.7  per  cent  acetone-water  solutions,  h  at 
25 C  was  funml  to  Is.*  0.40  for  HX2,  0.08  bn*  HXI, 
ami  apparently  wry  much  less  for  IIX3.T  '•  Numeri¬ 
cal  values  of  k*  fur  solutions  of  nitrogen  mustanls  in 
pure  water  an*  unavailnhle,  but  the  relative  values 
may  la*  inferred  from  the  ilnta  presented  in  Tables  3 
and  I.  Tliese  ilata  are  in  arronl  with  the  otmerx-ntions 
tluit  11X3  is  much  less  prone  to  dimeriac  than  is 
IIX2.  In  addition,  the  former  more  readily  undergoes 
s'.ilist  itut  ion  of  one  of  its  0-chlorino  atoms.  Tliese  dif¬ 
ferences  are  nscrilmhlc  to  tlie  differences  ls*tween  the 
strengths  of  the  two  liases,  IIX3  lieing  eon»hh*ml»ly 
weaker  than  IIX2  (see  Table  I ).**•*  In  general,  the 
higher  homoiogs  of  HX*2  exhibit.  ii*ss  dimerization  in 
aqueous  solution  than  HX2  itself,  and  ns  a  result 
tliese  compounds  possess  greater  ston>ge  lability.* 
However,  it  has  ls*en  pointed  out  that  the  extent  of 
dimerization  of  the  higlter  homologs  in  a  given  situ¬ 
ation  may  Is*  limited  by  tlieir  solubilities  "  or  by  the 
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balance  lretween  their  rat«*s  of  solution  and  tlio  rut** 
of  formation  of  the  corresponding  ctliylenimonium 
ions.4*  It  mIk  hi  Id  lio  noted  (hut  the  data  of  Tables  l; 
3,  and  4  worn  .rbtnined  under  conditions  of  conrcn- 
t ration  that  mnrfc  dimerization  a  negligible  factor." 

In  certain  cases  the  kinetics  of  dimerization  does 
not.  follow  the  normal  second-order  rmirsc.  As  an  ex¬ 
ample,  in  pure  liquid  HX2,  the  dimerization  rate  is 
stated  to  Is*  of  zero  order.0  This  result  is  evidently 
due  to  the  fact  that  the  dimer  is  quite  insoluble  in 
this  medium  and  leaves  the  effective  concentration 
of  11X2  constant;  hence  the  dimerization  rate  would 
have  to  lie  of  zero  order.  The  catalytic  effects  of  small 
amounts  of  water  and  oxygen  upon  dimerization  in 
liquid  IIN2  have  I  icon  noted.*'  In  dried  solutions  of 
HN2  in  lienzenc,  the  dimerization  rate  was  appar¬ 
ently  of  flic  first  order;  in  alwnlute  ethanol,  also, 
IIX2  was  f<Hind  to  dimerize  at  a  first -order  rate 
«W  -  0.005  min  '  at  25 C;  K  -  15  17  krai).**  In 
anhydnNis  Iwiizene  and  alcohol,  tlie  effect  of  low 
dielectric  constant  wmild  Is*  to  make  the  dimerization 
process  (2**)  faster  than  the  first-order  cyelization 
pnsess  (In),  and  the  latter  would  tlrerefore  liecome 
rate-determining.  Ilence  a  first-order  kinetics  of 
dimerization  would  lie  olrservcd. 

Tire  /3-chlorine  atoms  of  the  cyclic  dimers  (which 
an*  produced  ns  mixtures  of  stereoisomers)  *'  are  not 
readily  replaced  in  arid  or  nctPml  solution.  In  tire 
case  of  tho  dimer  of  IIX2.  N,N'-dimc»hyl«X,X'-5/*(0- 
chloroethyiipiiremzinium  dichloride,  no  olrsemdrle 
hydrolysis  occurrvd  in  aqueous  solution  at  /ill  4.5) 
and  3ft  (\  *"  apparent  half  life  was  23.5  flays  at 
/ill  Sami  4.u  days  at  /ill  10."  In  the  case  of  the  dimer 
of  IIXI  in  nqucfHis  solution  at  25  C,  excess  alkali  in¬ 
duced  relatively  rapid  elimination  of  the  two  chlorine 
atoms  in  two  successive  bin>*>!ecular  reactions  l»e- 
<ween  lire  flimer  ami  hydroxyl  ion."'  Tire  reaction 
lilrerating  the  first  chlorine  atom  proceeded  mitre 
rapidly  than  did  that  lilicrating  the  second."1 

At  high  timr/rcntt tires  (131  I7KC)  in  sealed  tulres, 
tlM'  flinrer  of  IIN2  in  nqmsHts  solutions  hyilmtyr*v! 
slowly  a*  a  pseiido-rtniinolmilar  rate  ilcserilred  by 
tilt'  relation: 

Is  •  J  X  t«  "T  tir  1 

It  was  noted  that  the  /ill  fell  from  5  touhiut  1 .5 dur¬ 
ing  the  first  <5  |ier  cent  of  this  reaction;  ami  there 
was  evidence  that  side  reactions  occurred.*1* 

2h.2.f»  Addition  of  Klcrtron  Donors 

The  reaction-  of  the  imotriittn  ions  with  electron 
donors,  as  exemplified  by  reactions  of  tire  general 


types  (2b)  ami  (2c)  ami  of  the  qsvial  type  (2fi,  an* 
of  great  importiuiee  for  the  elucidation  rif  physiolngi- 
cal  mechanisms  and  for  the  design  of  procedures  to 
neutralize  toxic  derivatives  of  nitrogen  mustards 
which  have  gnined  admit t tuice  to  tissues  and  Irmly 
fluids.  Tire  eorresponding  rear! ions  of  the  sulfur 
mustanls  are  likewise  of  importance  ami  an*  dis¬ 
cussed  later. 

In  general,  the  reactivity  of  an  imonium  ion,  as 
measured  by  the  velocity  constants  of  mictions  (2b), 
(2c),  (2d),  (2f),  ami  the  reversal  of  (la),  should  Is* 
reduced  by  the  same  stnietural  and  energy  factors 
Hint  entrance  the  velocity  of  tire  cyelization  pnicess 
as  measured  by  ktS*  However,  certain  apparent  ex- 
eeptions  to  this  inverse  relation  are  revealed  by  com¬ 
parison  of  the  data  presented  in  Tables  I  and  3. 

The  addition  of  S}()J~  and  of  IICO^  to  a  nundrer 
of  the  homologmts  cyclic  imonium  ions  in  water  at 
37  <*  was  studied  in  some  detail,  anti  the  essential 
n*sidts  for  it  m  0  and  0.154  me  shown  in  Table  3.** 
Tlie  thiosuifati*  derivative  (Bunte  salt)  of  HX2  was 
fmio:l  to  In*  stabler  in  solution.*-"  Tlie  oorres|sHiding 
riipmpinnic  acid  «*ster  was  relatively  unstable  (f f  ~  3 
hairs  at  /ill  7.4  ruul  37  C),3'  ami  the  carlsHiic  iu-h! 
ester  was  t«s>  unstable  f«rr  isolation  or  confident  meas- 
lM*mellt.*■^#■,  An  important  deduction  derived  fnrm 
these  data  and  olrscrvations  on  phosphites  *  is  that 
certain  Isiffers  can  and  dr*  interact  with  tlie  cyclic 
imonium  ion.  The  rrfntirr  values  of  kt  in  Table  3  for 
the  mictions  of  tlie  vnrimi*  imonium  ions  with 
*V)I*  aresulrstantlally  th>  same  as  those  for  tlicre- 
rwtionswith  I  ICO,".  The  same  is  true  for  the  relative 
values  of  kr,  tin  indication  first  the  discriminating 
ability  of  thcsi*  cyclic  com|MMimls  is  not  affected  by 
the  differences  in  stniciun*  which  tlrev  exhibit.  This 
«'orres|iom!em-*  wrtuld  Ire  exfiecfed  to  bold  for  any 
otlmr  reactions  of  tire  imonium  ions  which  proceed 
by  tire  same  mechanism  under  tire  same  conditions. 
A  comparable  situation,  rcvmlcd  by  “<-oin|M>lition 
factors”  for  sulrstanc«*s  mictiug  with  derivatives  of 
sulfur  mustards,  is  discussed  later. 

Tire  himolieular  rate  conslmil  (kt)  for  tin*  reaction 
of  the  l-methvl-l-(/!h'lilnrm>tliyI)ctliylciiimoiiiuiii  ion 
(III),  derived  fnrm  11X2,  with  otlier  clietroiwJonat- 
ing  groups  (including  <  I  ,  for  which  lt  -  k acre 
«li*»cnnin«*r|  at  37  (’  ami  it  »  0  and  0.151.  Tin  y  an* 
shown  in  Table  l.;"  As  indicated  ahivc,  from  such 
data  one  may  «*stimatc  the  eorrcs|Kimliiig  values  of 
kt  for  the  other  imonium  ions  listed  in  Table  3. 

Hie  reaction  of  the  cyclic  el  liyieiiinronium  ion  with 
amines  am!  tctnrmincs,  as  cxcmplifhri  |»v  mu-tion 
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T.ini.ie  4.  Kinetics  of  rmrllinw  of  t-mcthyt-Mrf-chloro- 
ethyl s-thylcnimonittm  ton  (Ml)  with  elcctnsi  ilimor*  nl 
370.  Original  *mm«  of  <Litn  ate  given  in  (he  Itibltog- 
mphy.1* 
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(2f),  has  l**cn  shown  to  occur  morr  or  loss  rwidily." 
in  the  mm*  of  tertiary  amines,  there  are  indications 
that  the  stcrie  configuration  of  the  sulwtit  (tents  modi¬ 
fies  tlie  neeewibility  of  the  amine  nitrogen  and  thus 
influences  its  rate  of  reaction  with  the  imonium  ion.** 
Thin  fact  would  have  an  obvious  I  (earing  cm  the 
kinetics  of  the  terminal  reactions  of  tlie  nitrogen 
mustards  in  water. 

SOJl  0-aiLOROKTIIYLtMINE8  IIV 
II  ETEROtiEN  E<  It’S  SYSTEMS 

Tl>e  ls*havior  of  the  0-lmlogcnatcd  ethylamines  in 
water  suspensions  of  suitably  activated  carlsms  is  of 
interest  from  tlie  standpoints  of  physiological  mech¬ 
anisms  and  of  devontnmination  of  water.  Two  pri¬ 
mary  amines,  0-hromts*thylnininr  and  jS-pIsHivl-U- 
elilorocthylamiiM*  (('«IIi*(’il(’l-(‘I?-Xllj)  luive  Iteen 
*«»  studied.  It  was  found  in  each  case  that  tl»e  rate  of 
cyelisation  of  lls*  amine  in  alkaline  solution  was 
slower,  and  the  reverse*  proe1-  s  in  acid  solution  was 
faster  in  tlie  presence  of  Merck’s  blood  charcoal  than 
in  its  alisence.47  ”  This  finding  is  in  agreement  with 
tin*  general  rule  that  tlie  formation  of  adsurlml.k* 
eulmtanees  is  favored  at  interfaces,  i.e.,  the  shift  of 
e'etuilibrium  at  an  inteiface  is  positive  with  a  decrease 
in  surface*  energy-.  Each  of  these  primary  amines  was 
mon*  strongly  ndsorlicd  than  its  more  soluble  ethyl- 
cniniouium  ion,  and,  in  neutral  solutions  containing 
curlmn,  tlie  cc|tiilibrium  (amii.e  cyclic  pnsluct  i 
was  strongly  stiifted  toward  the  amine. 

Tlie  cyelisation  of  ^-plH-uyi-cJ-chlonrthyiamine 
(half  life*  of  approximately  I  minutes  in  Issnogme- 
oils  solution)  was  only  Ho  per  cc*nt  compk'te  at  18 
lasirs  in  tl«-  prcsciiec*  of  activated  earlsm.  At  23  (’, 
the*  rate  constant  in  the*  heterogeneous  system  was 


t  71)  of  that  in  homogeneous  solution,  and  at  1171' 
tlie  corresponding  ratio  was  I  20.'*  The  fact  that  tbe* 
temjierature  coefficient  of  the  eyelisation  was  lower 
in  the  presence  of  suitable  earlsm  tlian  in  its  alwenre 
is  direct  evidence  that  the  reaction  was  taking  place* 
at  tlie  interface.  The  kinetic  data  obtained  at  differ- 
ent  temperatures  permit  the  calculation  of  flic  values 
of  E and  H  in  the  Arrhenius  eepuitiem,  kt  *  H.e~K  hT 
for  the  reartions  in  the  homogeneests  and  lietoro* 
geneesis  systems.  These  values  are  shown  in  Table  5. 


Tahi.e.Y  Kinclksof  cyclixaUon  process  of  0-hnlngrnntcd 
nmincr  in  Istmogcnctsts  solntion  nnel  in  iwlcrngcm-tsis 
systems  contnining  activated  csrlssi. 


(‘ompisind 

Tyjs*  nf  activated 
earlsm  present 

K 

(krai) 

Is*  tt 

(sec-') 

C.IMIUK'H-MI, 

Niss* 

20 

12.4 

Khsst 

-s-20 

II.) 

Carlsimffin 

13.3 

0.2 

N'nne 

23 

14.0 

bliss: 

10.3 

10.4 

Tlie  ekicrrnse  erf  E  wesibi  tend  to  accele*rate  tls*  rote 
of  cyciigation,  lait  tlie  proportionately  greater  de¬ 
crease  of  fi  results  in  a  net  retardation  of  the  reaetiem 
in  the  presence  of  the  earlsm.*" 

Tls*  olsive  oltsen-ations  cm  primary  amines  seem 
eo  Is*  comdsantnl  generally  by  n*|sirts  on  tls*  ad- 
sorisilality  of  the  tertiary  jMdorocthylamines  and 
their  pnslm*ts  from  water  solutions  emto  activated 
charcoal.’1  IIX3  and  triethanolamine  appear  to  Is* 
efficiently  adsorbed,  Isit  “I)R3-posilive  material” 
(presumalilyethylenimimiiim  eesnpesinds)  was  hardly 
ndsorlicd  at  all.  Tlie  same  hokls  fe»r  IIXI,  exe-ept  as 
mix  lifted  by  its  greater  solubility  nisi  by  ils-  greater 
staliility  of  its  polar  I  -e*t  hyl- I -(/J-chlonict  by  I  let  li.vl- 
eniinemium  ion.” 

».*  CO!*. DELATION  OF  TONICITIES  * 

OF  0 CHlxmOKTIlYI.WIINKS  WITH 

kinetics  of  their  cyci.ization 

It  lias  I  torn  noted  *"•*’  that  a  gissl  eoirelatiiMi  ex¬ 
ists  ls*twi<«>n  tlie  suls’iituncoiis  toxieilies  1  for  mice  of 
tls*  hydns*lilorith*s  of  a  iiuiiiIst  of  tertiary  and 
secondary  0-chlnrncthylumincs  and  the  half  liv«*s  of 
the  amines  in  aqueous  solution-  under  physiological 
conditions  of  /dl  and  tcni|M*nitiin*  (37  ( ’,  pH  7.1). 
'Os*  slsirtcr  tls*  half  life  of  the  amnio,  tls*  greater  its 
toxicity.  A  <*oni|mnibly  dear-cot  com-laiiim  d<s-s  not 
exist  I s- tween  the  sttls'iitatieiHi*  toxicitii*s  of  the 
hvdns’hlorides  and  the  reactivities  of  tlie  first -step 
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etliyleiiimouiiini  ion*  of  the  amines.  The  possible  irn- 
plientions  of  these  and  other  correlations  I  •'tween 
toxicity  ami  the  properties  «rf  sulfur  tuid  nitrogen 
mustards  and  their  derivatives  an*  diseussed  in 
( ‘liapter  22. 

20.3  SIUTR  MUSTARDS  IN 
HOMOGENEOUS  SOLUTION 

As  indicated  l»y  tlie  selieme  presented  in  S*-c- 
tion  20.1,  tla*  nwtions  of  the  snlft.r  mustards  are 
qualitatively  similar  to  those  of  the  nitrogen  mus¬ 
tards.  Kvidence  will  lie  presented  to  show  that  cy- 
« fixation  ts'citrs  (as  with  the  nitrogen  mustards)  l»y  a 
tltermally  activated  solvolytie  meehanism.  Tl>e 
oiiiuio  ion,  in  this  rose  an  ethylenesulfimiitm  i**n, 
whieli  is  thus  forme*!  thru  tenets  with  water  and 
oilier  unehnrjpsl  nurleophilie  molecules  and  with 
anions  to  form  various  products.  The  reaction  se- 
(pienee  is  repeated  if  tlie  sulfur  mustard  contains  a 
second  0-ehlons-thy!  group.  Tims,  one  may  write  for 
a  typical  sulfur  mustard,  RHdljUHjd,  the  billow¬ 
ing  reaetiims,  whieli  wirrespon*!  to  renet  ions  (la), 
(2*1),  (2e),  and  (2f)  given  on  page  417  for  a  typical 
nitrogen  mustanl: 

+ _ 

ItMCIM’IMI  HSTlM’lli  +  (1-  <»•) 


ItWIbCII,  4- 11,0 ItWiM  IMHI  4-  ||- 

+ 

IOH'IM’IIj  4-  IlSCIWIWI-^ditnw 


I  \  K 

HWIM’II-  4  ItSflM’IMtll  — 


Hsen-cihsciiAHrOi!  (2*> 


However,  important  «piantitative  differences  exist 
lietwcen  the  reactions  of  the  sulfur  an*l  nitrogen  mus¬ 
tanls.  Tliese  difference*  reflect  the  lesser  Imsirity  «if 
tla*  sulfur  atom  as  compared  with  tlie  nitrogen  atom. 
The  m«**t  important  difference  is  the  relative  rates 
of  steps  A  and  BCrractioti*  (I)  and  (2a),  (2I»),  (2r>, 
pate  HA]).  It  will  Is*  nvnlh-d  that  with  the  nit  ns- 
Ken  mustanls  step  II  is  slow  n-lative  to  st**p  A. 
<  'onscqia-ntlv  tlie  imonium  ion  form*-*!  in  step  A  may 
neeumulate  in  relatively  la  rue  amounts,  atsl  it  ran  lie 
isolated  in  tlie  form  *if  its  salts.  With  tlie  sulfur  mus¬ 
tanls,  on  the  otlier  hand,  step  B  is  so  much  faster 


than  step  A  that  the  latter  determines  the  rate  of  tlie 
overall  icnction  ami  little  sulfonittm  ion  is  ever  pres¬ 
ent.  Indeed,  it  lias  never  lieen  isointed  and  its  exist¬ 
ence  is  deduced  fmm  indirect  evidence.  This  cyclic 
compound  is  an  active  alkylating  agent :  and  the  ulti¬ 
mate  distrilmtion  of  — n-siducs  among 
elccimn-docating  gnm|>s  present  in  the  solution  is 
determined  by  tlie  relative  concentrations  of  these 
gnsqis  ami  by  tlieir  n-lative  reactivities  (“eoin|H*- 
tition  factors”;  for  the  ethyk'nesuifonium  ion.  A 
scomd  (piantitative  difference  lietwcen  the  two 
classes  of  coiiifMMinds  is  that  dimeriiation  of  the 
0-chlnmcthyl  sulfides  is  generally  negligible. 

Kvidence  to  support  these  conclusions  has  Is-cn 
d«*rive«l  fmm  kinetic  studies  of  the  reactions  given 
alsive  and  is  prescnttxl  in  detail  in  the  following  dis¬ 
cussion  of  each  of  tlie  reactions. 

20.3.1  Evidence  Bearing  on  Kiln  lone- 
sulfoniiint  Ion  Formetl  in  Rate- 
Determining  Step 

Studies  during  World  War  I  showed  that  tlie  rate 
of  hydrolysis  of  iu*(#-chlomethyl)  sulfide  (II)  in 
aqueous  solution  is  governed  by  a  first-order,  temper- 
at urtMlcpemlent  step,  II — ►activate*!  H.MJ*  Tlie 
following  additional  fr'-ts  lead  to  tlie  conclusion  that 
activation  of  II  and  relate*!  sulfur  mustards  is  a  re¬ 
versible  solvolytie  process  during  which  chloride’  ion 
is  lilienitetl,  and  that  tla*  reactions  of  tlie  activated 
complex  are  always  so  much  more  rapid  than  its  rate 
of  formation  tluit  the  latter  reaction  liecontcs  the 
mt«-*letcnnining  step  of  the  overall  process: 

1.  The  hydrolysis  of  II  results  in  the  ultinmte 
formation  of  thiodiglyeol,  HrtlljtlljOH)*,  and 
2  moles  of  11(1.  Hydrolysis  *if  0-rhliirocihyl  /J-ii.v- 
droxycthyl  sulfide  (C  *11 ),  which  is  the  partial  hy¬ 
drolysis  product  of  II  and  a  representative  mono- 
tf-chlorocthy!  sulfide,  lilierntcH  I  nude  each  «rf  tlii»»- 
diglye*il  imd  11(1.  In  tla*  rose  «if  solutions  of  either 
II  or  (11  in  water,  the  rates  of  lilieration  of  chloride 
ion  awl  of  hy«lrogen  ion  are  identical  within  rxperi- 
nnutal  «•rror.,, 

2.  As  was  early  demonstrated  for  II,  the  hydroly¬ 
sis  of  numensis  /}-chloroethyl  sulfide*  has  now  Iss-n 
slawn  t«i  proceed  initially  according  to  the  kinetics 
of  a  nwmomoks-ular  reaction.  Deviatkins  from  a  lirsl- 
«mler  ewirse  occur  during  the  latter  part  of  I  lie  it- 
actbin  and  may  lie  account*-*!  for  l»y  the  effc*-t  «»f 
accumulating  clilori*le  i-m  (sec  Section  20.2.4)  and, 
in  tlie  ins’  of  II  and  other  comp«Minds  with  two 
(t-ch  I*  worthy!  grou|>*,  l*y  tin*  complicating  «*ff*s*t  **f 
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a  second,  successive,  fiM-ordcr  reaction  involving 
the  second  (J-chloroothyi  ,"«mp. 

3.  !n  unlmffcrcd  solution  the  apparent  rate  of 
hydrolysis  of  1C  in  /di-independent  over  the  range  of 
pllS  H«,lM 

4.  Various  sulwhinros,  including  those  usually 
used  to  (•-  ff*  solutions,  cun  react  with  activated  H 
and  nv~  lie  course  of  the  overall  rencti»m.  Indeed, 
some  i  .on*  (c.g,  monothiophosplmte)  react  so 
much  i.mre  rapidly  thiui  does  watrr  that  in  their 
presence  little  or  no  hydrolysis  (formation  of  thio- 
digb * .il  mi  ...  '•!)  occurs.'*"*  Nevertheless,  the  over¬ 
all  rate  of  disapiiearani'e  of  II  is  not  altered  hv  the 
presence' M  of  such  sulistances.''  In  other  wor  *  ,  this 
rate  is  determined  solely  hy  the  cimcentration  of  It 
und  the  temperature  of  the  solution. 

A.  The  addition  of  chloride  ion  (as  Nn('l)  in  mod¬ 
erate  concentration  retards  the  rate  of  disappear¬ 
ance  of  II  without-  altering  the  final  outcome  of  the 
reaction  ns  measured  hy  the  production  of  2  eijuiv 
of  acid  per  mole  of  ll,"»"*  The  quantitative  effects 
of  different  concentrations  of  added  chloride  ion  are 
in  accord  with  the  concept  that  reversal  of  the  acti¬ 
vation  process  occurs  hy  the  himoleruiar  reaction 
[reaction  (lb)]  of  the  activated  II  with  chloride  ion.** 

(i.  The  apparent  rate  of  hydrolysis  of  II  is  not 
altered  in  tl»e  presence  of  metallic  catalysts  (c.g., 
Ag\  ( V+,  Mn'+,  Xif+,  Fc"4).** 

7.  In  solvents,  less  polar  than  water,  the  reactions 
of  II  are  markedly  retarded  *MM 

H.  In  accordance  with  the  concept  that  the  re¬ 
action*  of  II  in  water  involve  an  initial  solvolytic 
step,  vapor  phase  hydrolysis  docs  not  «iccur  to  an 
appreciable  extent.' 

TIm*  alstvc  oiiscrvations  indicate  clearly  that  II 
and  related  0-chloroct  hvl  'fi  1  fo  los  umlergo  a  mono- 
molecular  rate-determining  transformation  consist¬ 
ing  of  a  solvolytic  ionixation  into  chloride  ion  an* I  a 
positively  charged  (“activated")  residue.  Tlie  latter 
lias  ls*en  regarded  as  the  primary  ctrlsmium  hm, 
HW  I M ‘II, Howpver,  no  evidence  is  nvnitnhk' 
that  primary  alkyl  halidr**  umlergo  a  monomoleculnr 
solvolysis  of  this  t-vpe.  Moreov«>r.  the  activated  in¬ 
termediate  from  II  differ*  from  those  usually  en¬ 
countered  in  solvolytic  fractions  in  that  it  retains  the 
ability  to  discriminate  Iretwcen  tire  varitsis  »ul»- 
stances  with  which  it  may  react.  As  a  consequerce, 
it  has  lss*n  suggested 11  that  the  activate*!  carlsmium 
ion  p«istulated  altovc  is  stabilised  by  ring  forma- 

h  Pnqsirtistnrerlrrntinn.if  llw  rate  in  the  prtsrwccnf  mono- 
lhio|ilH>>|itmi*’  hm  h«*  Iwn 
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lion  to  a  virtual  or  actual  cthvlcncsulfonium  ion, 

-r- 

HSCHjC'ilj.  Such  an  inn  must  lie  reactive  lrecausc  of 
its  ring  strain,  but  it-  must  he  considerably  more 
stable  thnn  the  simple  carlsmium  ions  isistuintcd  to 
occur  in  the  hydrolysis  of  secondary  and  tertiary 
alkyl  halides. 

The  postulated  mechanism,  which  |s<rmits  the 
cnrlsm  atom  to  attain  a  normal  «s*tet  of  valence  elce- 
tnm*  by  sharing  a  pair  with  tlie  sulfur  atom,  has  |x<r- 
suasive  chemical  analogies,17  the  closest  Iming  the 
formation  of  the  ethylenimonium  i«m  in  the  wise  of 
the  nitrogen  mustard*  (see  Section  20.4).' 

20.5.2  Kinetics  of  Overall  Reaction  of 
M«(/MJliloroethyl)  Sulfide  in  Aqueous 
Solution 

Although  the  hydrolysis  of  II  in  water  proceed*  as 
a  succession  of  reactions,  the  major  part  of  the  to¬ 
tal  reaction,  8(CHSCIM,1),+  2IM)— ^((Hrf’IIr 
Oll),  4*  211(1,  ran  l>o  deserilied  as  a  single,  qirnsi- 
nmuotnoiecular  pnice*s.,,  M  The  rate  constant  for 
this  prorew*  (or  its  initial  portion)  as  determined  hy 
measurement  of  arid  liltrmtion  will  In*  designated  as 
k„  Much  of  the  information  on  tlie  reactivity  of  l| 
has  licen  acquired  through  the  use  of  this  approxima¬ 
tion.  Accordingly,  representative  results  have  I  icon 
brought  together  in  Table  0.  The  data  reveal  the 
clinmctcristic  temperature  coefficient  for  the  overall 
process.  Tim  conspicuous  retardation  in  sea  water 
ns  compared  with  tlie  rate  of  reaction  in  pure  water 
may  lie  related  to  the  chloride  ion  concentration  of 
tlie  former. 

20.5.5  Kinetics  of  Formation  of 
Kthylcncsulfonium  Ion 

The  rate  of  formation  of  tlie  postulated  eth.vlene- 
sulfoni'im  ion  from  solution*  of  /3-o!ilon*4hyl  sulfides 
in  water  has  I  sen  determined  directly  by  measuring 
the  rate  of  evoluthm  of  ehloriik*  hm,  und  indirectly 
hy  nantsuring  tlie  rate  of  acid  production.  As  stalls  I 
nlsive,  the  latter  procedure  is  valid  liceiuise  hydroly- 
sis  is  veiy  raphl  compared  with  tlie  rate  of  the  cyeli- 
*ati«m  miction  (i.n.,  k„  >  >  kt).  An  altemativ**  ex- 
(mrimentol  pr*iee«lnre  has  lieen  to  iletennine  directly 

*  It  is  of  Interest  that  tlie  rltspliircmcnt  of  chlorine  in  t Ito 
oxygen  nnalog  of  II,  hiXd-chlurorthyl)  ctlicr,  pmcecd*  try  mi 
entirely  different  mechanism.  Tliere  is  no  cvhk'ttrc  for  the 
existence  of  n  monotnolcriilnr  nctivnlhsi  step  to  form  tin 
onioni  compistml."  Tltc  reaction  is  liimolcriiltir.  For  reaction 
with  Oil kt  «  0.IB3 1  'niolc  min;  for  reaction  with  K4),~ 
kt  ■  DJ2  l/m*ilc  min. 
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Ttnt  r.  0.  Aftfitiniii  rate  rimxtnni*  (k, )  for  fiydrolvri*  of  sulfur  iimxtarjH  in  wale/.  Milium  nmally  rotttamrd  t  5  jaw  rent 
cilmnol  or  in>pro|Ktnol. 
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j  Mnlium 

Temp 

(O 

k, 

(mitr1) 

<4 
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Note* 

hinfti-i  iilona'ltiyl )  mil- 

j  Writer 

0.0 

0.UM4 

158.0 

At 

Data  nut  ronalalent  due  to 

fi<!c 

i 

| 

tn.n 

0.012 

57.8 

inmkapinry  of  sampliii* 

(Ml 

1 

1  20 

l  0.047 

14.7 

pmerdtiie.' 

! 

30 

0.21 

3.3 

37.4 

0.27 

2.0 

12.5 

0.0215 

32.2 

52 

K  “  17-18  kenl.  Value* 

20 

0.014 

*41.8 

uniformly  Imv  a*  IIioukIi 

30 

o.t  Ik 

3.0 

from  ayatematir  error. 

40 

0.201 

2.7 

fatal  iinlnhydroiM'  elee- 

50 

0.040 

4.4 

teale. 

14.5 

0.IQK 

24.8 

54 

K  >•  20.8  krai.  Titrimet- 

24.0 

0.007 

7.1 

He,  inilieator. 

30.8 

0.1V, 

2.0 

25.0 

0.121 

5.7 

3 

Tilrimetrie,  imlirntor. 

30.0 

0.210 

3.2 

23a 

Tritimelrie,  atnaaelertnak'. 

20 

0.004 

7.4 

41* 

K  -  22.8  krai. Tilrimetrie. 

| 

2.5 
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3.0 

! 

30 

0.342 

2.0 

25 

0.170 

3.0 

35 

TitHmelHe. 

Sen  water 

25 

0.012 

00 

40 

TliHmetHe,  indinitor. 

30 

0.028 

25 

23l> 

Titrimet  He,  *hww  elee- 

1 

trade. 

1  ,JW*»4rf-C  'hlonipt  hyl- 

Water 

!  2-5 

^0.4 

1.7 

21 

Kxt  m  pointed  to  water  from 

thiolelhnne 

(extrapolated) 

i 

following  experiment . 

<QI 

dioxnne 

2H 

O.0KII 

8.1 

21 

in  water 

fci»(/t-<1ilororihyltliio- 

Water 

25 

0.212 

3.3 

30 

pH-3.8-4.2.  A?  —  20  krai. 

el  hvl)  ether 

(T) 

Water 

25 

0.248 

2.8 

4  Id 

A%  ethanol  present.  pit  - 

! 

5  8. 

T\hi.k  7.  Kinctiw  of  kmixatkai  of  <*-eldomcthyl  wilfi:in<  n»  25  l". 
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•  •  • 
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Computed  from  k,  ■  0.171 

5f|  aeetone  in  water 

0.200  1 

.  .  • 

IK 

determined  aehl  and  rhloritle; 

i 

! 

p  x  0.144 

(KIM'll- 

Water 

0.118* 

18.5 

38 

f  ilaaa  eleelnale.  pll 

o.tn 

.  .  « 

20a 

.Select  i  ve  ext  met  ion 

5*7  aeetone  in  water 

0.155* 

•  .  . 

18 

determined  iieid  ami  eliloride; 

* 

p  -  0.144 

flldlt,- 

5' etlianol  in  wnter 

0.000 

.  .  • 
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Tilmtinn  of  arid 

C’lM’ll-ril,- 

5'  ,’  etlianol  in  water 

0.000 

.  .  . 

4ld 

Titration  of  arkl 

(VHi- 

•5r7  ethanol  in  water 

0.028 

.  .  . 

4  Id 

Titration  of  arkl 

t 1 1  it'll,- 

1  *7  etha not  in  water 

0.200 

195 

25h 

Titration  of  arnl 

1 

20'  etlianol  in  water 

44.144  | 

... 

41* 

Titration  of  arkl 

-fhPHTIWTIr-  ! 

|  5' 7  aeetone  in  water  \ 

0.70*  | 

... 

18 

Titmtkm  of  arkl 

*  (VJmUlHl  Irian  tin-  aia*i«rrMte  r.|ua» iofm  (nr  tarn  nwafatitr  frvl'iinii  r  ifimiwa. 


tin*  N'ln-lhvly  ext  meted  II  ami  ClI  after  variniM  Table  7  sttmmnrixes  the  available olwervafittns  for 
reaction  ♦imes.®'*  tlie  simpler  0-ehlornetliyl  sulfides  in  water,  etlianol- 
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wnfor,  and  nretone-waler  solutions.  In  thr 

„wri„n  rote  follows  tv  first-order  course  and  in  de¬ 
termined  l»y  A',  in  reaction  <lb>.  The  revolt-  mwt««* 
in  negligible  ntul<-r  tticse  conditions. 

It  will  lx*  noted  that  m  tin*  coses  of  11  and  t  M  1  he 
miction  rote  ns  .k-wmliird  f"«n  ‘‘ivan^  in  /»  l  ap- 
,H-ntx  to  lx-  lower  in  water  than  in  ethanoUvater  or 
Utnm-wnter  solutions.  It  may  lx-  auapwtr. I  timt 
tlve  vlifferenee  is  due  to  experimental  errors.  It  five 
difference  were  mil.  It  would  signify  that,  rontwry  t« 
general  tiliserviition,  tin*  anomie  solwnts  accelerated 
tl>e  ionistvtion  rate,  in  addition,  it  will  w  t  **'r''** 
that  the  renet  ion  rates  in  water  as  tleternnned hr*!* 
priHsshire  of  selective  extraetion  of  II  and  (  II-  • 
B„,  higher  than  tlu»**  determined  hv  means  of  tlx* 

changes  in  nil.”  ” 

i„  tlx*  ease  of  II  ami  CH  in  5  per  rent  aeet.me- 
wnter  solution,  the  miction  rate  was  not  *wnifi- 
eantlv  inttucroed  by  changes  in  ionic  strength  in¬ 
deed  by  addition  of  an  inert  salt  (**lium  lx*n*cne- 
sulfonatel,  and  the  small  amount  of  chloride  weiimn- 
latintt  as  a  rraethm  pnxlnct  had  no  detectable  "fleet 
on  live  kinetics  of  the  .mxess."* 


with  <  T  to  form  1 1  and  wit  h  water  to  lil«erate  hydro* 
Ken  ion,  pushices  arid  at  a  lower  rate  in  the  presence 
of  added  chloride  than  it  would  in  water  alone.  TJh* 
retardation  of  hydrolysis  may  Ik  deserilsxl  either  hy 
an  empirical  linear  relation  [equation  (30, M  or  as  a 
mt  io  of  apparent  hydrolysis  rotes  derived  with  reason- 
ahle  assumptions  from  the  kinetic  laws  for  two  sue- 
ccsmyc  monomoleeular  reactions [equal ion  (la)].  In 
equation*  (3)  and  ( 4ti),  A'.  and  A'i  represent  the  intrin¬ 
sic  rate  constants  respect  My  in  water  awl  in  water 
phis  added  (  I-,  and  Av  and  k‘,  ate  the  eorresiamdinit 

apparent  mteconstaiitsiwoxperimentoily  determined 

hy  measurement  of  acid  production  over  the  first- 
5  20  per  cent  of  the  ovendl  mietiim  (see  Table  »), 
in  practice,  k k,  luvs  liccn  assutniHl  to  ls»  equal  to 

A-;  A-,. 

U^y  -  -  t-'dttfXT]'  iforWin  <*> 

*5  _ _ J _  (-tn) 

k  t  +AtlC<T] 


llv,tr,Jcsh  rnlc  In  omsenceof  e»im|iflll(w.\  _ 
Hydrolysis  rate  in  water  ^ 
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a*.r,.t  Reactions  of  Kthy lenesiilfonium  Ion 
Sinw  the  hydrolysis  of  il  and  <*ll  [reaetum  (2g)] 
pnxved*  within  ex|x*rinientol  error  a»  rapidly  ns  the 
mte  of  formation  of  the  ethylenesolfonium  ««,  Av 
must  Is-  relatively  great  An  accumulation  of  as  much 
as  3  per  vent  of  ethylencstilfvmium  ion  fiutM  occur  if 
kw  were  30  times  greater  than  k,  As  the  maximum 
prolmhle  an nmtlliition  is  not  mom  than  1  per  cent, 
Av  slivsilvl  l w  at  least  100  times  as  large  as  A-,.'* 

From  tliestanvltsiint  of  vletoxitication  ot  the  suilur 
mustards  in  ti«H*  ami  laxly  fluids,  the  reactions  of 
cfhvlcnesiilfviiiiiim  i«m  wit*  anions  arc  of  Ktcat  im¬ 
portance.  These  mictions  are  typified  hy  the  gencrul- 
ianvl  reaction  (2at.  The  participation  of  ch?:*r*le  ion 
in  the  biirodceular  reversal  i*f  eyelixation  [reaction 
(f)  or  (11*)]  is  a  special  ease  which  may  lx*  treated 
first. 

A  quantitative  estimate  of  the  nlwolute  rate «».  re¬ 
versal  of  eyeliwition  is  not  possilde,  Ix'cniw  the  rate 
constant  (A-  ,)  is  inextricably  associated  with  t»x> 
mte  evxistant  <d  hydrolysis  (Av),  awl  the  latter  is  t«x» 
high  to  lx*  measnml  in  any  of  the  systems  that  haw 

been  inviwtigntcd.  , 

As  indicated  nlxtvc,  niMcvl  rhlorxle  win  retnnls  the 
ap)xm»tt  hyvlrvdysis  "ite  of  II  without  altering  the 
end  result.5**-4"'  This  mvans  that  the  available  cthvl- 
cnesulfouium  i«ni,  which  reacting  simiiltanemisly 


pn  ia  termed  “the  competition  factor  of  chloride 
ion,"  and  provivlcs  a  measure  of  the  iraetivity  of  the 
chloride  ion  toward  the  etliylenesiilfimium  ion,  m* 
compared  with  that  of  water.  The  competition  factor 
Fs  for  any  anion  X~  is  formulaterl  in  the  same  way  ; 
mid  hy  appropriate  modifications  of  the  type  equa¬ 
tion  represented  hy  equation  (4b),  the  competition 
of  mixtures  of  hv.lndysisdnhibiting  substances  ran  1m 
formulated  in  lenns  of  tlieir  rrspeet  ive  eoneentmt  ions 
ami  speeifie  romper  it  ivm  factors.41,  .... 

The  empirical  relation  (3)  is  inadequate  in  that  it 
ptediets  unreasonaldv  increasinK  values  for  the  re¬ 
activity  v»f  chloride  ion  ns  the  ionic  strength  ap¬ 
proaches  «eru.,*Thc  competition  factor  equation  «4a) 
is  not  precise  eitlier,  for  its  use  gives  values  v.f  Fn 
which  vary  with  chlorivle  ion  concentration. 
Although  this  equation  correctly  assumes  that  the 
relatiw  rates  of  cvsnlunation  of  jui'hhis  with  ethylene- 
sulfonium  ion  depends  only  njxm  their  ehemieal 
natures  and  mint  ive  cvsieent  nit  ions,  it  does  not  take 
into  aeevmnt  the  effect  of  kmie  strength  itpMi  Hk*** 
Mmoiretilnr  reactions.  Since  Fx  represents  a  function 
of  the  ratio  of  the  rate  constants  for  the  leaetwws  ot 
the  cation,  ethylenesnlfoniiim,  wiih  uneliaiipxl  water 
and  with  negatively  charged  nnum,  resixx  tivv'ly ,  f  x 
shotikl  lx*  sensitiw  to  change  in  ionic  strength,  kur- 
tiiermore,  pneise  raleulntions  of  Fx  hy  use  of  «|iia* 
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<ion  (ll>)  require  exact  knowledge  of  the  values  of  k, 
an<i  k\.  Thw  values  are  usually  approximated  ns 
lh<*  initial  rates  (*,  awl  k,)  of  the  respective  pixswes 
at  tent  reaetion  time.  The  approximations  may  lie 
very  close  at  low  temperatures,  hut  at  25  C  ami 
higher  tlie  em»rs  may  liecome  appreciable.  'Hius,  at 
25  ( *  with  II,  k,  isalsait  5  percent  t<*»  high  if  cnlcii- 
laterl  from  the  origin  to  t  =  0.5  minute,  and  10  per 
eent  too  high  if  calculated  to  l  -  1  minute:  and  in 
the  presence  of  monothiophosphate  ion,  tin*  errors  in 
k‘,  calculated  for  these  time  intervals  an*  14  ami 
20  per  cent,  respectively.1*  It  may  lie  suspeeted  that 
this  source  of  emir  accounts,  in  port  at  least,  for  the 
rather  wide  discrepancies  lietween  the  k,  values  re¬ 
porter!  by  various  olwcrvcrs  (see  Table  0). 

In  spite  of  these  inherent  sources  of  emir,  the  or- 
«lem  of  magnitude  of  tlie  competition  factors  for  vari¬ 
ous  anions  am  significant.  Determination  of  the  rela¬ 
tive  values  for  a  wale  variety  of  comprainds  *  *"'  has 
| iron  of  great  practical  value  in  furnishing  a  basis  for 
tlie  selection  of  those  classes  of  sulistances  likely  to 
servo  ns  effective  do*  >xicants  of  II.  It  has  also  pro- 
vided  a  genera!  imk  x  of  the  relation  of  chemical 
ntructuie  to  the  elect nm-«lonating  strength  of  com¬ 
pounds  possessing  ttnslmml  electnm  pairs,  as  may  la* 
illustrated  by  the  examples  given  in  Tabic  8.’  In 


Tlie  quantity  which  is  of  significance  for  an  ac¬ 
curate  description  of  the  rates  of  reaction  of  anions 
with  ethyienesulfonium  ion  is  not  the  competition 
factor  as  allow  defined.  hut  ratiier  the  rate  ctmstant 
of  the  particular  competing  agent  relative  to  that  of 
water  at  some  standard  ionic  strength.  For  chloride 
ion  such  a  constant  has  I x>en  defined  as  tla*  “relative 
rate  constant  of  chloride  ion  at  ionic  strength  m." 
follows: u 

(re,-),  -  (t~). 

In  tliis  equation  Jfc-i  is  the  sceond-onler  rate  constant 
for  the  reaction  of  etliylencsulfonium  ion  with  chlo- 
riile  ion,  and  k.  is  tlie  pseudo-first-onler  rate  constant 
for  its  reacthm  with  water.  In  the  case  of  Isit!  il  and 
C’H,  (rCt-)  has  a  value  of  18  ±  2  .it  n  >■  0.144  and 
attains  a  limiting  value  of  34  +  4  at  m  "  ^ 

cisistant  m  tlieac  values  an*  imh*pemh*nt  of  chloride 
ion  concentration. 

The  dimerisation  of  0-chloniethyl  sulfides  to  tlie 
conesponding  linear  sulfonium  and  cyclic  1,4-dithi- 
onium  cwnpmimls  acconling  to  n  action  (2lu  luis  not 
licen  encountered.  In  tlie  case  of  tlie  nitrogen  mus¬ 
tards,  the  conesponding  compounds  an*  formed  to  an 
n|ipierinhle  extent  (sre  pievasisdisrusshsi  and  <  ’luq>- 
rer  10).  With  II,  however,  tla*  n'latively  low  laisicity 
of  tlie  sulfur  atom  would  make  such  c  rmhinntiuns 


Tamijc  S.  llluslralivc  rompetiilon  faeUirs. 
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view  of  their  po»<ihlc  «lcep.4tiysk»logicn!  significance, 
tlie  unique  position  of  thiol  eomprainds  as  strong 
competitors  slasild  Is*  emphasised.  A  complete  talde 
•»f  nanpetithoi  factors  is  given  in  Chapter  19. 

It  merits  emphasis  that  addition  of  sulistances 
with  high  competition  factors  does  not  accelerate  the 
rate  of  disappearance  of  H  from  aqueous  sohitious, 
hut  merely  alters  the  final  pnsluets  of  the  overall  re¬ 
action.  Tlie  miction  in  the  presenee  of  thiosulfate 
provides  an  example.' M  Tlie  two  ethyienesulfonium 
ions  formed  in  sueression  hy  an  II  molecule  react 
with  the  thiosulfate  ion  to  produce  the  Bunte  salt, 
HfCHjCIIjSSO,),.  Tlie  rate  of  tlie  process  is  ess-n- 
tially  the  same  as  for  tin*  pnslurtion  of  thiodiglycol 
(i.e.,  hydrolysis)  in  pun*  water,  hut  in  this  ease  virtu¬ 
ally  no  hydrolysis  «a*curs. 


very  unstable.11* 

As  indirated  hy  mietion  (2i),  the  additions  (some¬ 
times  incorrectly  termed  pol>*m«*ri«ations)  of  ethyl- 
cnesiiifoniiim  ions  and  thhsliglyrol  (TO)  occur 
readily  in  aqueous  solutions.  Tlie  sulfonium  com¬ 
pounds,  II-ITC,  II-2TC5,  and  CII-TU  are  fomas 
(m*  Chapter  10).  It  will  la*  noted  that  only  tla*  firs', 
of  there  three  e<  impounds  ciattains  a  0-chlonsthyl 
group.  The  formnti<ai  of  sulfonium  salts  is  favored 
when  tla*  initial  concentration  «»f  II  is  high.*  '*  Tlicsc 
additions  also  «svur  in  anhydrous  mixtures  of  II  and 
TC«,'*  lait  at  lower  rates  than  in  aqueiais  solutiiais. 

The  himoleetilar  reactions  which  result  in  tlie 
formation  of  the  sulfonium  eom|aamds  have  not  lieen 
subjected  to  systematic  kinetic  analysis.  Tla*  chem¬ 
ical  react  hats  of  tlie  compounds  are  discussed  in 
Clinptcr  10. 

20.5.3  Reaction  Kinetics  of  Sulfoxides, 

Sul  fours,  and  Mustards  with  Two 
Sulfur  Atoms 

II  sulfoxide,  (CIClIjClIjItSO,  is  relatively  re¬ 
sistant,  to  hydrolysis;5*44  the  reaction  proceeds  only 
very  slowly  at  pH  8.,T 
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II  sulfone,  (<*Kili(*H-)jS()t,  also  resists  hydroly¬ 
sis  in  unlmffcrrd  aqueous  solution,**  Imt  its  conver- 
mon  to <liv«iiyl sulfone,  (Cil,  ~(iI)jSOj,  and  !lt*l  is 
ratnlyscd  by  hydroxyl  inn.  Upon  the  addition  of 
atxlium  hydroxide,  0.55  e*|iiiv  of  chloride  ion  and  of 
acid  per  mole  of  II  sitlfone  was  lilicmtcd  in  90  min¬ 
utes  nf  pH  0.5  7.0,  and,  at  />II  7.S-7.8,  I  ctpiiv  of 
chloride  ion  and  acid  appeared  within  5  minutes.17 
On  tlte  oilier  hand,  in  tlte  presence  of  hicarlxmate  at 
pi  I  7.5  7.8  the  reaction  was  markedly  retarded  (to 
one-fiftieth  or  less  of  tin*  alxive  rate).'7 

Divinyl  sulfone  d«s*s  not  react  detectable  with 
water  in  neutral  m|ticou*  solution,  and  reacts  only 
yen’  slowly  at  pH  8.4.,T 

l,2-6/.s(/M'hlonx'thyIthio)ethane  (()  or  srsipumus- 
tanl)  in- 82  per  cent  dioxane  in  water  solution  hy¬ 
drolyse*  at  a  mte  comparable  to  that  of  II  in  water 
(see  Table  0).*'  The  initial  liliemtion  of  acid  follows 
a  first-order  course  for  which  A-,  =  O.tlSti  ±  0.000 
min*'  at  28 C.  Tliis  ap|mrent  rote  increases  with  in¬ 
crease  in  the  water  content  of  tlie  reaction  mixture, 
varying  as  the  fourth  power  of  the  water  concentra¬ 
tion.  Extrapolation  to  pure  water  gave  k\  -v  0.4 
min-1.  i\  second,  much  slower  stage  of  acid  liliemtion 
lias  also  I  sen  ol  (served  and  related  to  tlie  hydrolysis 
of  the  second  /Miiorocthyl  group.  For  this,  k,  « 
0.00890  min-1  in  32  per  cent  dioxane  in  water.*' 
There  is  evidence  to  indicate  that  under  certain 
conditions  (),  like  II,  can  react  with  the  pnsluct*  of 
i»s  own  hydrolysis  to  form  sulfonium  stilts.  In  con- 
trast  to  tlie  sulfonium  salts  of  II,  some  of  the  sul¬ 
fonium  salt*  of  Q  appear  to  lie  unstnlde.  For  example, 
ixxitacthvlcnctctrasulfidcx*,  w'-dioi  (IV) 
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has  l«cen  isolated  after  hydrolysis  of  (J  by  50  volumes 
of  wa'er  (sec  Chapter  19). 

(J  sulfone  in  either  pure  water  or  bicnrlxmute  solu- 
tion  undorg«x*s  no  detectable  hydrolysis  for  at  least 
I  month.*1 

fc/*(/M*hloroethylthioethyl)  etlier  (T)  appears  to 
hydrolvie  in  two  stages  and  at  an  even  more  rapid 
rote  than  II  or  (j.1*  Tlie  data  shown  in  Table  0  relate 
to  tlie  first  stage.  In  tlie  case  of  one  estimate,**  the 
value  for  A-,  was  arbitrarily  dctermiiH'd  from  the 


slope  of  the  straight  part  of  the  log  concentration 
versus  time  curve;  in  the  ca-e  of  the  other  entry.1"  the 
initial  value  of  the  slo|ie  was  used  as  the  luisis  of  the 
cstimntc. 

20.5.6  Kinetics  of  Oxidation  of  fa.x- 
03-Cliloroetln  I)  Sulfide  (II)  by  Peroxides  > 
In  metlmnol-water  solution,  the  oxidation  of  II  by 
urea  fieroxide  anti  11*0*  is  slow  and  act>om|vinirri  by 
solvolysis  with  resultant  acid  production  and  in¬ 
crease  in  the  bimolccular  rote  constant.  With  urea 
lieroxitle  in  84.4  |M>r  cent  methanol  in  watei,  A*  - 
0.0018  0.'J0S3l/molcmin;  with  IIst )t  in  00.7  percent 
methanol-water,  At  »  0.012  -0.023  I  mole  min.  The 
results  indicate  that  II903  mid  salts  yielding  I  Mb  are 
not  active  enough  to  lie  useful  for  decontamination 
under  physiological  conditions. 1 

The  oxkbtion  of  the  sulfur  of  II  to  the  sulfone 
state  should  tend  to  reduce  the  strength  of  binding 
of  tlie  0-cnrlxm  atom,  and  in  tlie  ease  of  l»*(5-pyri- 
dinittm  ethyl)  sulfone,  the  binding  was  found  to  lx* 
such  as  to  permit  the  direct  olwcrvation  of  a  revers¬ 
ible  reaction  which  was  catalysed  by  OH-. 

+ 

N(MI»)»  +  2011  -«i=5t 

(Wll-Clb),  +2lMbX  +  2!hO 

At  lower  pH,  the  npiilibritim  was  forced  toward  the 
left,  and  at  higher  pH  towanl  the  right.17 

206  KINKTICS  OF  SULFUR  MUSTARDS 
IN  IIKTKROOKNKOUS  SYSTKMS 

In  hoterogcneiws  systems  such  as  ixxnr  in  tissues 
ami  on  moist  terrain,  the  various  phase-  ami  inter¬ 
phases  provide  numerous  possibilities  for  tlie  distii- 
Imtion  of  eompiNimls  such  as  II,  its  intermediates, 
ami  its  reartion  pnxluets.  Under  such  eireumstanees 
no  mtionn!  physicochemical  iiieture  of  tlie  detailed 
Ix’haviorof  II  or  any  other  persistent  agent  is|xissible 
nl  tlx*  present-  time. 

It  merits  mention  Hint  for  some  systems  (c.g., 
moist  terrain  contaminated  with  droplets  of  a  sulfur 
mustard),  the  hydrolytic  and  other  reactions  dis¬ 
cussed  in  the  preceding  sections  have  little  practical 
lieuring  on  tlie  (XTsistcncc  of  a  hnsnnl  for  tnxips.  The 
limiting  physieixdtemieal  factors  an  the  mt<*s  of 
evaporation  and  of  solution.* 

Hhxxl  ami  plasma  are  relatively  simple  lieterogene- 
ous  biological  systems  in  wliieli  the  apixirent  rates  of 
disappearance  of  H  and  ('ll  have  Ixen  studied  (-ee 
Tnldc  9).  Tlie  entries  of  the  table  suggest  the  exist- 


reaction*  or  aci.rut  ani»  nitrooen  wtsTtHo* 


amv  of  frupwin*  viriiti'in.  They  indicate  also  ttiat 
the  rates  of  disappearance  from  the  Idood  or  plasma 
of  different  individuals  of  a  *iven  species  exhibit  a 
notable  variation  and  am,  in  *eneral,  loner  than  the 
mtes  of  disappearance  at.  the  same  temperature  from 
homoRenwais  solutions  containinx  the  same  eoneen- 
t ration  of  ehlorhle  ion. 

The  rates  of  disappearance  of  both  II  an<I  CH  am 


lower  in  whole  blood  than  in  plasma.  It  follows  that 
the  cellular  elements  of  blood  must  participate  in  the 
mmovat  of  H  ami  Clt  from  the  cxtracollulok  phase.1* 
However,  it  ia  apparent  that  the  removed  axent  is 
not  destroyed  so  rapidly  as  that  which  mmains  in 
the  plasma.  Presumably  reversible  iulsorp«ion  with 
or  withiait  solution  in  nonaqiieou*  phases  plays  a  role 
in  this  plie»omenon. 


TaM  9.  Ap,*iwt  rate*  of  dceompusitUm  of  Wrf^Wmrthyl)  sulfcle  (II)  and  fi-ehh»wthyl  fi-hy.lnixyethyl  sulfcle 

(I’ll )  in  whole  lihas!  and  In  plasma.  . .  .  .  . 

The  data  were  obtained  l»v  selective  extraction  and  subsequent  determination  of  II  and  (  II.  The  appatent  rater  of 
decomposition  ate  talsilated  in  terms  of  the  appatent  first-order  rate  constant  (*,)  and  the  half  life  (ft).  In  the  ease  of  II, 
k,  refers  to  the  first  ionisation  step. _ _ _ . _ _ 
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Chapter  21 

EFFECTS  OF  SULFUR  AND  NITROGEN  MUSTARDS  ON 
PROTEINS,  ENZYMES,  AND  CELLS 

By  M  it  Inn  I*ry  • 


SI.1 


INTRODUCTION 


Tiik  NtA<*ri<'Af<  oiumhyrn  «f  the  work  reviewed 
in  this  chapter  huve  licen  net  forth  in  (Imp* 
ter  19,  Section  19.1.  The  present  chapter  review*  the 
work  failing  between  the  strictly  ehemienl  studies 
(Chapter*  19  and  30)  and  tiie  investigation*  on  the 
mechanism  of  cutanecst*  and  systemic  injury  in  ani¬ 
mal*  nnd  man  (Chapter*  32  and  23). 

The  primary  scientific  objective  in  the  wort,  ile- 
scrilicd  in  thin  chapter  ha*  lieen  the  development  of 
a  theory  of  vesicant  action  in  cellular  term*.  Several 
dftwlerata  for  such  a  theory  ate  evident.  It  munt  pity 
vkle  for  rapklityof  tenet  km  of  the  vesicant  and  for  the 
delay  in  the  development  of  grossly  visible  damage.* 
It  munt  aeeount  for  the  effect  ivencss  of  low  <k*ngc*  of 
vesicant.  It  munt  aeeiaint  for  the  relationship  be¬ 
tween  the  quantity  of  vesicant  and  the  qualitative 
and  quantitative  nature  of  the  resulting  ilamaKe. 
The  hope  appear*  vain  that  a  single  reartkm  result¬ 
ing  fr.tm  a  ve*ieant  may  lie  found  ivsponsilde  for  all 
Milwmpirnt  event*  in  the  development  of  injury  lie- 
eaune  the  *tudie*  on  many  system*  have  *hown  that 
the  reacting  group*  ate  multiple.  It  in,  therefore,  to 
lie  ejqirrtcd  that  the  dwpovrry  of  an  especially  sensi- 
tive  material  may  imlieate  the  minimal  reartion  for 
damage  without  explaining  all  the  olinerved  effect* 
a*  the  vesicant  concentration  or  time  of  exposure  w 
inereaaeil. 

Although  mime  aetkm*  of  vesicants  in  various 
iki*r*  may  he  the  result  of  aekl  lilierateil  through 
hydrolysis, **•  *•  the  acid  hypothesis n  has  been  re¬ 
jected  a*  imwleqontc  w***4"**  The  soggestkm  that 
ilelay  in  action  is  relaieil  to  a  necessary  preliminary 
formathtn  of  a  sulfone  (H  sulfone  or  divinyl  sulfone 
from  mustard)  Mhn*  hren  diseuwed.*,J*'-*MM‘*,e  Ksti- 
nuvtes  of  the  oxklathm  potential  requited  to  ac¬ 
complish  this  cliange n  indicate  that  living  cells 
would  not  lie  aide  to  bring  it  alma!  to  an  apprecialde 
extent. 

It  seems  get*  rally  agreed  tha*  a  rapkl  reartion 
with  protein  material  *••*'•*  (see  Chapter  19)  is  the 
most  likely  primaty  chemical  event  of  Idologieal  in- 
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< crest.  There  appear*  to  lie  no  real  neccroity  for  a 
strictly  ehemienl  mechanism  acting  on  tlie  vesicant 
to  explain  tlie  delayed  onset  of  detcctalde  injury. 
The  delay  is  sufficiently  cxpticaldc  in  term*  of  the 
existence  of  noninstantancou*  processes  in  normal 
funetkining.  Any  delay  in  manifestation  of  the  aetkm 
of  a  vesicant  can  lie  deseritied  a*  the  time  required  for 
the  defect  or  derangement  produced  by  tlie  rapid 
chemical  aetkm  to  lie  effectuated  in  a  demonstrable 
manner  through  otherwise  normal  mechanisms.  On 
this  lasts,  the  postulatkm  of  protein  compound* 
which  may  *lowl>  release  unchanged  vesicant 44  Is  an 
unncrrmaiy  compbcathm,  and  parallelism  of  de¬ 
velopment  of  leskm  to  eniyme  inactivation ,rk  may 
orettr  if  the  latter  is  a  result  rather  than  a  cause  of 
pathological  changes. 

A  very  common  phenomenon  resulting  from  the 
aetkm  of  vesicants  in  very  small  amount*  is  inhi- 
bit  km  of  cellular  reproduction.  Corneal  epithelium, 
regenerating  liver,  yeasts,  tissue  cultures,  tumora, 
and  marine  eggs  show  one  form  or  another  of  delayed 
reproduction  when  treated  with  vesicants.  With 
marine  eggs,  the  most  marked  delay  is  in  early  pro- 
phase.  In  mi  far  a*  i*  known,  the  delay  in  the  case  of 
other  kinds  of  cells  is  at  a  corresponding  phase  of  the 
cellular  repmductory  eyrie.  In  general,  effects  on 
gross  metabolism  require  more  drastic  treatments 
thi  n  those  that  suffice  to  inhildt  cellular  repro- . 
duct  Inn. 

Delayed  reproduction  point*  to  effects  involving 
nuclear  material.  Additional  evidenre*  of  nuclear  in¬ 
volvement  have  been  obtained  by  study  of  nuclei  and. 
chromiiMimes  in  vesicant-treated  material,  nnd  from 
the  finding  that  vesicants  prevent  the  swelling  of 
isolated  nuelei  suspended  in  Mxlium  dioctylsuccino- 
sulfntc  Mentions. 

Loosening  of  corneal  epithelium  is  a  result  of  de¬ 
rangement  of  corneal  metaliolism  produced  by  vesi¬ 
cant*.  The  alteratkm  seems  to  involve  an  increased 
proteolysis. 

Kesctkm  of  the  vesicants  with  protein*  have  lieen 
shown  to  alter  the  physical  properties  (solulalitb*, 
aekMmse  Ixhavior),  the  eatalytk'  properties  (cn*y- 
matic  activity),  nnd  the  Mologiml  propertk*  (im- 
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munohigieul  mictions)  of  the  protein.  Studio*)  on 
enzyme*  tend  to  dixxooitito  in  vitro  und  in  vim  sensi¬ 
tivities.  It  nIhhiM  1)0  emphasized  that  the  in  vitro 
rcmiltx  with  protein*  and  enzyme*  have  generally 
involved  relatively  hifeh  concentrations  of  the  rrart- 
itifC  vesicant*. 

A  difficulty  which  persist*  in  tlie  evaluation  of  cx- 
perimental  result*  in  term*  of  the  doses  to  which  the 
whole  organism  might  lx*  subjected.  In  most  of  the 
ex|ierimenttd  work,  the  controlled  concentrations  of 
vesicant*  have  I  icon  used  in  as  nearly  uniform  media 
as  possible.  The  presence  of  a  lipid  phase  and  of  mcm- 
Iwanes,  and  the  sul>xcqi!cnt,  pmlxibly  nonuniform, 
distrilHition  to  all  parts  of  the  laxly  prevent  a  simple 
extmjxdution  of  the  results  of  in  vitro  studies  to  mul¬ 
ticellular  organisms. 

21,2  RKUrriONS  OF  PROTKINS  WITH 
VKSIC\NT8 

21.2.1  Reactive  Ilroup*  of  Protein* 

As  would  lx*  suggested  by  tlie  reactions  of  tlie  sul¬ 
fur  and  nitrogen  mustanls  with  amino  aei<ls  and 
other  simple  compounds  of  biix*hemicnl  interest 
(Chapter  10),  contain  functional  groups  of  proteins 
react  with  these  vesicants.  Tlie  reuct.ons  are  pH- 
dependent  liecaiise  the  active  forms  of  the  toxic 
agents  are  positively  charged  ethylenesulfonium  and 
ethylenimonium  ions  (Chapters  10  and  20)  which 
presumably  react  only  with  uncharged  or  negatively 
charged  protein  groups.  At  physiological  pH  (15.0- 
8.0),  carl'oxyl,  imidazole,  tliiomethyl,  ami  sulfhydryl 
groups  react  to  a  significant  extent.  A  few  amino 
groups  also  react.  Phenolic  and  aliphatic  hydroxyl, 
indolvl,  guanido,  and  most  amino  groups  do  not 
react. 

At  pH  H.H  0.0,  6/*(#-chloroothyl>  sulfide  (II)  re¬ 
acts  with  all  or  most  of  the  nirixixyl  groii|»s  of  pro¬ 
teins.4  At  pll  ti  8,  imidazole  groups  retie!.4  At  pi  1 0. 
few  or  none  of  the  amino  groups  react.'"  If  the  actions 
occur  in  alkaline  nwdia,  however,  amino  gnstjis  do 
react. 54  In  the  action  «»f  hutyl  /J-elilorix'thyl  sulfide 
(Ixityl-ll )  on  instdin,  alxsit  A  |ier  cent  of  the  mtrting 
Isityl-H  can  lx*  recovered  atfnehed  to  t lw*  amino 
group  of  phenv*nlanim\,:  suggesting  that  at  the  pll 
of  treatment  (7. 1  7.0)  the  terminal  amino  gnxipx  de¬ 
rived  from  phenylalanine  an*  only  partially  in  the 
ionic  state. 

Study  of  tlx*  dietary  availability  of  the  air.ino 
ncid<  of  casein  ticutcd  with  II  at  alkaline  miction 


shows  tlmt  its  lysine,  histidine,  methionine,  and 
threonine  Ixx-ome  tuuivailalile  for  ruts.**  Adtlitimi 
of  arginine,  lysine,  and  cystine  d<x*s  nut  adequately 
supplement  this  H-trrntcd  casein  for  chicks.5"'  If  the 
casein  is  treated  at  neutrality,  only  methionine  and 
threonine  IxYomo  unavailable  for  rat*.*1"  Tlie  threo- 
nine  is  made  available  by  acid  hydrolysis,  whereas 
methionine  is  not.  Tlie  probable  interpretation  is  not 
tiutt  tlie  hydroxyl  group  of  threonine  reacts  with  H, 
hut  rather  that  this  amino  acid  fails  to  lx*  lilx*ruted 
in  alxMirlxihh*  >rm  by  the  action  of  digestive  en¬ 
zymes  on  the  H-treatcd  casein.*"  So  interpreted,  ihc 
results  conform  to  the  demonstrated  nonreactivity 
of  tlie  hydroxyl  groii|)s  of  serine  tuid  threonine  witli 
II  {(’luipter  10).  Haeteriologteul  assay  also  sliows  the 
special  reactivity  of  methionine  tuid  n  lesser  sensi¬ 
tivity  of  lysine  in  casein.*"1" 

The  possible  reactions  of  tlie  piienoiie  and  indolyt 
gnxi|is  in  protein  are  oliseun*.  These  group*  are  re¬ 
sponsible  for  the  reduction  of  the  Folin  phenol  re¬ 
agent  by  proteins.  Tlie  reagent  is  minced  to  a  lessor 
extent  by  II  protein  than  by  native  protein  at  pll  8.0, 
luit  the  difference  disappears  when  the  reduction 
takes  place  in  more  alkaline  medium  or  in  the 
presenre  of  detergent.'*  Tliese  factor*  also  increase 
the  reduction  caused  by  many  native  proteins.  If  a 
reaction  of  If  with  phenolic  groups  were  to  ix*cur, 
there  would  lx*  formed  an  oilier  which  would,  in  all 
prolxihility,  lx*  stable  to  alkali  and  certainly  stable 
to  detergent*.  It  seems  that  the  loss  of  ehmmogenic 
power  is  lx*s»  describ'd  e*  a  "covering"  of  phenolic 
(and  indolyl)  gmup*  rather  than  as  a  direct  reaction 
with  vesicants.  Th«  phenomenon  of  "covering"  is 
usually  uttrilMitcd  to  tin*  folded  character  of  the 
protein  peptide  rhains,  which  may  lx*  mixlifird,  per- 
ha|is  through  the  formation  of  new  hydrogen  IhhmIs, 
by  reaetion  of  tlx*  vesicant  with  gnxip*  other  than 
tlnxx*  conrcmed  directly  in  mincing  tlie  Folin  re¬ 
agent. 

Sulfhydryl  gnsips  an*  of  s|xx*ial  interest  Ix-cause  of 
tlx-ir  relation  to  oxxla!  ion-mliict  inn  react itxis  which 
an*  im|xirtant  in  enzyme  action  and  in  determining 
the  physical  properties  of  certain  protein*.  Ker.i'i  in 
pmlxibly  react*  with  II  thnxigh  its  sulfliydryl 
gnsips, *»  '•  In  the  ease*  of  urease,  denatured  egg  al¬ 
bumin,  und  pti|Niin,  siilfliydryl  gnsi|)s  disappear  un- 
dcr  tlx*  action  of  II.  Not  all  tlx*  groups  in  urease  react 
to  tlrn  same  extent,  and  under  some  condition*  the 
activity  of  the  enzyme  is  not  impaired  as  a  coiise- 
qixweof  the  reaction."  By  working  at  low  phosphate 
concentration,  inactivation  can  lx*  pnxluccd  by  I!  or 
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ethyl  0-clilorocthyl  sulfide.  The  inactivnting  notion 
of  vesicants  in  also  cnlmnml  at  high  pH  values.  1110 
phospfmtepmhafily  protect*  thrrsigh  competition.5"* 
Tito  sensitivities  of  so-called  sulfhydryl  enzymes  t<» 
vcsn-nnts  van1  considerably  (sec  Soot  ion  21. if). 

21.22  Changes  in  Protein  Remitting 
from  Reactions 

The  change*  in  pmpeitie*  of  protein*  resulting 
from  vesicant  notion  have  Itoen  studied  only  with 
material  subject  to  nithor  drnstic  treatment,  In  the 
ease  of  II,  excess  liquid  vesicant  hat*  pmetimllv  al¬ 
ways  Im-oii  present.  The  necessity  of  prmliHng  ex¬ 
perimentally  measurable  results  is  tlio  reason  for  tlio 
use  <»f  such  high  concentrations.  Perhaps  the  results 
may,  with  caution,  lie  extrapolated  to  the  htwer  eon- 
eeiitrations  whieti  are  of  greater  interest. 

Tlio  proton  affinities  of  u  protein  are  mmlificri  by 
react ii«n  with  vesicants.  The  rhief  evidences  for  the 
participation  of  the  carlsixyl  and  imidazole  groups 
are  the  changes  in  the  noid-imse  titration  cum*  and 
isoelectric  |>oints  of  the  proteins.4 1,1  In  the  ease  of 
hemoglohin,  II  also  inrrmscs  oxygen  affinity  and 
susceptibility  to  oxidation  to  methemoghilHn  with¬ 
out,  liowever,  reading  directly  in  the  “heme"  portion 
of  the  mokvule.4  After  treatment  with  II,  collagen 
liooomoH  more  diffieult  to  gelatinise  or  to  digest 
enzymatically.41*'1 

II  is  a  specific  hapten  in  proteins.4417  Tlie  pro- 
duetion  of  ll-pmtoin  eomplexs-s  in  rim  prolsibly  ae- 
counts  f«»r  tlie  sensitization  to  vesicants  (see  Chap¬ 
ter  23).  <  Vrtarn  pnshicts  obtained  by  the  reaction  ot 
vesicants  ami  serum  proteins  an*  said  to  lie  toxic  to 
tissue  cultures  and  to  whole  nnimnls.*M••,••, 

Xorlenpmtrin  is  precipitated  by  treatment  with  II 
to  a  greater  extent  than  are  other  proteins.44*  How¬ 
ever,  treatment  of  solutions  of  "lueleopmtein  from 
the  thymus  or  from  chicken  erythrocyte  nuclei  in 
fi  per  cent  Xat'l  with  low  concentrations  of  I!  pro¬ 
duced  no  changes  in  viscosity,  nor  did  tlie  nuclco- 
protcin  isolated  from  I l-t rented  thymus  or  chicken 
erythrocyte  nucha  show  any  difference  in  viscosity 

from  normal  material.11 
• 

21.3  INXCTIVVriON  OF  KNZYMKS  IIY 
Ml  STVRDS 

A  very  attractive  theory  concerning  tin-  action  of 
vesicants  has  Is-cn  the  enzyme  hypothesis  of  Pe¬ 
ters.*''  '• 44  It  was  bused  on  the  finding  that  fustd-ehlo- 
methyli  stilfonc  (II  sulfonc)  inhibited  the  oxidation 
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of  pyruvate  by  brain  mince,  and  u|m>ii  the  previously 
discovered  inhibition  by  II  of  the  respiration  and 
glycolysis  of  tumor  tissue.1*  Tin*  use  of  2,3-ditncr- 
captopropunol  (BAL)  as  an  antidote  in  arsenical 
poisoning  was  developed  on  the  basis  of  this  liy- 
potlicsis  and  tin*  evidence  that  stilfhydryl  grtstps 
were  |Nirtieularly  concerned.  The  hypothesis  pro¬ 
posed  that  the  initial  significant  lesion  pnsluccd  by  a 
vesicant  is  the  inhibition  of  an  enzyme,  and  that. 
Itathologieal  changes  follow  ns  a  result  of  the  stilwe- 
quent  eluuiges  in  mctnlioltsm.  Tlie  enzyme  liypothc- 
sis  was  partieulnnzrd  for  vi**initioii  as  a  hexokinnse 
hyiMithesis  and  more  generally  as  a  pliosplio- 
kituise  hypothesis.471-1  A  very  similar  hy|Hitliesis  was  * 
developtxl  in  the  open  litemt lire  with  n*gard  not  only 
to  vesicants  but  also  to  suffocants  and  lachn  mators.1' 
Tlie  oliservcd  actions  of  the  agents  (i.e.,  inhibition  of 
glycolysis,  limited  res|Mitise  of  frog  muscle  to  K' ) 
arenscrilied  to  enzymatic  disturiHUicc*  brought  nlsiut 
by  reactions  with  sttlfliydryl  groups,  in  analogy  with 
tlie  net  ion  of  usloacctie  acid.4*  u  The  Peters  hy|x>t lie- 
sis  and  its  success  in  leading  to  tlie  development  of 
HAI<  served  as  the  impetus  for  testing  the  actions  of 
vesicants  on  many  enzymes  in  a  more  or  less  pure 
state,  and  for  the  examination  of  the  enzyme  urn- 
tents  of  tlie  tissues  of  intoxicated  animals. 

The  action  of  II  or.  enzymes  has  lieen  reviewed.* 

In  only  one  or  two  cases  was  the  rate  of  inartivation 
so  great  as  to  suggest  flint  the  enzyme  might  com¬ 
pete  significantly  with  the  general  tissue  proteins  for 
the  vesicant.*  Tlie  same  conclusion  sec-ms  justified  for 
tlie  nitrogen  mustards  Is-raiisr,  in  general,  the  sensi¬ 
tivities  of  a  series  of  enzymes  fall  in  the  same  order 
for  different  vesicants.  Pandk-I  in  rilm  and  in  rim 
studies,  particularly  of  enzymes  related  to  carlss- 
hydrate  metalsilism,  show  that  tlie  xensitivity  of  an 
enzyme  in  rilm  is  not  necessarily  an  indication  of 
sensitivity  in  rim.n  Nor  di**s  the  same  enzyme  action 
ls-liave  similarly  in  different  tissues  of  the  same  ani- 
mal.14  Tlir  profound  effects  of  destruction  of 

cellular  an-hitretun*  on  tlie  rates  and  orientations  of 
metalsiiie  process  present  an  olistacle  to  study  ami 
iuter|in*tation  of  enzyme  Miavior  in  rim?*'  “At  the 
present  state  of  our  knowledge  it  seems  doubtful 
whet  tier  furl  1st  studies  of  tlie  effects  of  vesicants  on 
enzymes  would  aid  in  the  identification  of  the  pri¬ 
mary  chemical  lesion."  14 

Knzymcs  are  proteins.  Some  may  have  *|M*cial 
prosthetic  gmu|is,  or  active  centers,  not  derived  from 
amino  acids,  fn  so  far  as  the  enzymes  contain  the  same 
functional  gnni|is  as  other  proteins,  their  reactions 
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with  vesicants  will  not  differ  in  kind  fn»m  those  of 
other  proteins.  In  ho  far  as  speeiitl  groups  are  present, 
there  may  met  more  or  lex*  readily.  Reaetion  of 
venicantx  with  groups  in  an  enxyme  nrol  not  cause 
inactivation.*  The  «*lfhytlr>*l  eniymex  existing  in 
oxidised  ami  reduced  forma  are  not  equally  sensitive 
to  vesicants.  8ome  sulistratoH  (choline  with  choline 
oxHlaHP,,l,  h  glucose  with  hexokinase  Wd)  haw  a  pro¬ 
tective  action.  While  there  may  behave  ax  if  they 
compete  for  the  active  center  with  the  vesicant,  the 
protective  compound  ix  not  able  to  reverse  the  action 
of  vesicant  after  reaction  hax  occurred. 

In  Table  I  ix  given  a  lint  of  the  ensymex  studied 
along  with  estimates  of  their  relative  sensitivities. 
The  estimates  are  necessarily  somewhat  impression* 
ixtie  I >ecsusc  they  are  based  on  reports  of  experi¬ 
ments  in  which  conditions  of  treatment  varies 
grratlj  as  to  temperature,  concentration,  and  time 
of  action.  From  the  table  it  is  evident  that  the  most 
sensitive  ensymex  are  among  those  concerned  with 
choline  (choline  and  lietainc  aldehyde  oxidases  ami 
brain  ehtdine-icniac*),  with  carl (ohyd rate  ami  phos¬ 
phate  metaholism  (hexokinase,  creatine  phospho- 
kinaxe,  pyrophosphatase,  and  pyruvic  oxidase),  and 
with  protein  (peptidases  <(f  serum,  plasma,  xkiti,  ami 
lung).  There  is  no  evidence  that  these  in  vitro  inacti¬ 
vations  are  produced  by  as  mild  treatments  as  have 
definite  inhibitory  effects  on  cell  division  nr  on  the 
swelling  phenomenon  described  in  the  following 
sections. 

21.4  YEAST  METABOLISM  AND 
REPRODUCTION 

0-Chiomcthyl  vesicants  interfere  with  the  metabo¬ 
lism  and  repnsluction  of  venxts.  The  development  of 
colonies  in  plate  cultures  ’,  treated  yeast-  has  licen 
user!  to  demonstrate  lethality, ami  the 
growth  in  fluid  media  mcaaurrd  by  turhidimetrir 
means  has  lieen  used  to  demonstrate  effects  on 
growth  into.1"1  The  presence  of  dead  cells,  unless  cor¬ 
rected  for,  may  produce  errors  in  turiiidimctric 
growth  rate  meth«cls,  and  slowing  of  growth  may  Is* 
sufficient  to  prevent  colony  formation  in  plnting-out 
method s.'"’"'  No  serious  discrepancies  exist  in  the 
findings  l,v  the  two  methods,  although  the  turbidi- 
inctric  method  seems  to  yield  more  information. 

A  single  treatment  wiih  a  xuhlrtlml  dose  of  II  pro¬ 
longs  the  generation  time  of  yeasts  for  as  many  ns 
ten  generations,  (irowth  follows  the  usual  logarith¬ 
mic  formula  during  this  time  anti  the  peri, si  of  xuIk 


normal  growth  rate  is  terminated  by  cessation  of 
growth  for  a  period  followed  by  return  to  the  normal 
untreated  rate.”1  The  inhibition  caused  by  II,  IIN2, 
HN3,  os*  ultraviolet  light  is  irreversible,  but  the  inhi¬ 
bition  caused  by  formaldehyde,  iodoocctatc,  cyanide, 
fhioritle,**  or  divinyl  sttlfone  **  is  reversed  i»y  sus¬ 
pension  in  fresh  media.  Divinyl  xulfono  seems  to  have 
Ixrth  reversible  and  irreversible  effee  ts.9***  Inhibition 
by  di vinyl  mitfone  is  lifted  by  changing  pH  from 
7  to  5.5.  **r  by  atkling  glutathione  to  ihe  poisonml 
yeast,”**  although  thedivinyl  sulfonc  bound  by  the 
yeast  is  not  liberated.”*'''  The  role  of  glutathione  is 
olucure.  Although  sulfhydryl  groups  disappear  from 
yeasts  t rente,!  with  H  or  divinyl  sulfonc,  the  amount 
disappearing  is  not  proportional  to  the  effect  on  re¬ 
production;  nor  are  the  sulfhydryl  groups  restored  to 
normal  by  rcsuspcmiion  or  changing  pll,”w>  condi¬ 
tions  which  at  least  partially  reverse  the  inhibition 
by  divinyl  au'fonc.**  The  possibility  of  reversing  the 
effects  of  H  by  oxidising  combined  II  to  sulfonc  in 
*itn  has  been  considered,  but  the  toxicity  of  the 
pemcids  required  proved  too  great.**-1 
Morphological  abnormalities  appear  in  If-treatcd 
yeast  after  10  hours,  but  after  25  hours  the  cultures 
are  composed  of  normal  appearing  cells.  Prolmhly 
the  return  of  normal  growth  rates  depends  on  re¬ 
peated  di  visions  of  a  few  cells  which  escape  injury.**' 
The  permeability  of  yeast  to  ehloride,  thiosulfate, 
and  phosphate  is  not  affected  by  treatment  with 
!!.**•  About  half  of  the  II  reacting  with  yeast  is  in  a 
form  solulrie  in  triehloroarctic  arid.  The  remainder  is 
fixed  in  part  by  watcr-solulrfc  protein  and  in  part  by 
insoluble  cell  constituents.”** 

The  reproductive  defect  hs*  no  rimpk*  relation.-.}! ip 
to  the  gross  metabolism  of  the  yeast.  Much  lower 
concentration*  of  vesirants  inhiist  growth  than  have 
any  effect  on  either  oxygen  consumption  or  anaerobic 
carbon  dioxide  production, ,1-,Th •** •”  or  on  the  usually 
poison-suxcrptildo  utilisation  id  ncetate.*w‘*  Yeast 
ensymex  laith  in  vivo  and  in  vitm  are  much  less  sensi- 
*ive  than  is  the  ropnsluetive  system.”  There  are  at 
k*ast  two,  if  not  many  more,  H-sensitive  systems  con¬ 
nected  with  repnslurtiun,  as  is  shown  by  tlie  linear 
relationship  lietween  amount  of  H  fixeii  by  yeast  and 
concentration  during  treatment  ”>r-*  and  by  the  lack 
of  a  similar  regularity  lietween  II  concentration  and 
prolongation  of  generation  time.  Abrupt  changes  in 
slope  cs-ctsr  in  the  lat  ter  relationship.9""  * Hie  actions 
of  reversible  isiisons  are  genenilly  additive  to  tlie 
action  of  II,  indicating  that  a  multiplicity  of  func¬ 
tional  distort  uini-es  «-an  result  in  prolongati<m  of  g<*n- 
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Tamle  I.  Prnsitivltlc*  of  enxyim*  In  vesicant*  in  ritra. 

Standard  treatment  in  considered  to  be  incubation  with  3  mM  El  or  equally  active  amount*  of  oilier  reagents  for 
M  to  i  hour. 

0  no  effect  11  ii*(d-Chlornetltyt)  sulfide 

1  up  In  30%  inn'll  vat  km  11X2  Met  hy  l-bi«(®-eMoniri  hyl  Vimlne 

2  90-00%  inaetivalinn  IIX3  IriXO'ChkWth.vDnmine 

3  60-60%  Inactivation 

4  60-100%  inactivation 
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oration  time.***  TIh*  art  ion  of  vrstrant*  on  yrtttd  in 
"very  complex" 44  anil  lethality  in  proltaldy  telateil 
to  tlie  accumulation  of  many  nmall  defect*.2"1* 
Separate  dm«tic  II  trentmentn  of  the  vitiunin* 
necessary  for  yenat  growth  fail  to  mnke  them  un¬ 
available  for  yennt.  This  applies  to  hiotin,  inositol, 


thiamine,  pyrhloxine,  ami  /J-alanine.'5  The  following 
water-noluhle  ennntituentn  of  veant  extracts  are  not 
affected  l»v  If  treatment  of  yeast : **  adenosine  tri- 
phosjdiate,  diphosphonucleotide,  adenylic  acid,  and 
nicotinic  arid. 

•  Miter  vesicant n  and  related  eomixiund*  that  am 
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lethal  to  yeast  arc  11X3, <*  11X2,*"""  anti  lienzyl  and 
ethyl  /S-chlonietliyl  sulfides.'* 


21.5  CORNKXL  MKT-\  HOLISM  AM) 
LOOSKNING 

Kxposure  of  tin*  isolated  comm  to  saturated  II 
vn|Kir  (which  produces  severe  t  (clayed  injur>'  in  ml>- 
l»itn  after  n  I -minute  exposure)  results  it.  loosening  of 
ll»**  corneal  epithelium.  The  ltsiscning  mn  lx* 
tatively  measured  after  5  12  hours.1*'  At  28-33  (* 
file  pmetw  of  loosening  takes  I)  hour*  to  develop. 
Tlie  loosening  doc*  not  develop  if  the  f  rental  romea 
is  kept  at  0  ISC*  after  the  fourth  hour.  After  10- 
12  hours  at  low  temperature,  re-exp*  wo  re  to  28  (* 
often  mailt*  in  loosening.'*"  Anacmliinsirt  also  in¬ 
hibits  loosening.  Anarrubitmi*  during  It)  hour*  after 
exposure  partly  inhibits  loosening  in  flic  sulrsefpient 
10  hours  of  ncmhiorti*.'*'r  Tlie  d( 'pendente  of  Itsiscn- 
ing  on  deranged  motalxilic  proeesses  is  indieated  by 
these  findings.  Plivsienl  hsiseningof  the  Danielli  typo 
is  pnsluccd  by  treatment,  with  alcohols,  luit  is  im¬ 
mediate.1*"  Delayed  loosening  is  characteristic  of 
vesicants,  f reeling,  iodonreiate,  fluoride,  and  certain 
dntgs,  especially  histamine.1*!  That  proteolysis  is 
ronromod  is  indicated  by  the  ability  oif  trypsin  and 
chymotrypsin,  wlien  properly  injected,  to  produce 
the  loosening.  Rilmnuclcnsc,  lipase,  anti  hvaluroni- 
dasc  have  mi  eomparabie  effect. 

Treatment  of  cornea  with  II  results  in  increasing 
affinity  for  mud  dyes,  proluthly  lieenuse  of  formation 
of  sulfonittm  groups.'*’1 

Many  sultstanecs  injeetetl  into  the  cornea  pusluce 
clinical  lesion*.  A  survey  (not  including  vesicants)  of 
these  anil  iitlicrs  tends  to  dissociate  tin*  effects  on 
isolated  enzymes  from  leseri  production.  Some  which 
liave  no  effect  on  eometd  metalsdism  pnsluce  lesions, 
some  which  affect  isolated  enzymes  «>f  the  cornea  tlo 
im»I  affeet  tlie  same  enzymes  in  rim,  ami  some  which 
affect  respimtitm  or  glycolysis  of  surviving  romea 
produce  no  lesions  wlien  injected  into  tlie  romea 
in  Miln.'** 

Kxposure  of  supravitallv  maintained  |>eef  romea* 
to  II  vapor  produced  a  30  per  cent  drop  in  ox.vgen 
consumption,  which  lieeomes  apparent  If)  hours  after 
exposure.  Increase  of  exposure  lieyontl  a  mtslerate 
time  produces  no  greater  change.  The  mto  of  tlisnp- 
penninee  of  lactic  acid  decreases  immetlialely  after 
ex|NMire,  but.  inhibition  of  anaeroliie  glycolysis  tle- 
velops  only  after  long  exposures  anti  long  iurulmtion 
times.  Tlie  threshold  for  severe  clinical  sytuphunx  in 


the  raWiit  eye  is  I  per  cent  of  that  for  inliihition  of 
glycolysis  in  the  surviving  Imtf  eye.  Thus,  inhibition 
tif  anaendiie  glycolysis  appears  to  ls*ar  no  emtsnl  rc- 
lati'm  to  the  development  of  clinical  sympttims.hMi 
Tlie  increase  tif  lactic  acid  in  corneas  excised  to  II  is 
tine  ft*  an  increased  rate  tif  its  production  in  ll-cx- 
posrtl  ctimeal  epithelium  tuitl  can  lie  inhibitetl  by 
itxltxu-etate.  The  major  portion  of  normal,  rnctolm- 
lizetl  com  cal  carlsihytlrate  tlocs  not  pass  through 
lactic  aeitl  |ihasc  uf  tlie  mriiohydratc  cycle."*1 
(•lycogen  anti  phospluite  fractions  are  but  slightly 
affected  by  exposure  to  II."*1  The  cornea  utilizes 
pentoses,  |Kirtieularly  rilmse  anti  xylose,  at  aliout 
half  tlie  rate  that  it  uses  glucose.  Addition  of  rilmso 
l^tirtM  glyrogon  anti  lactate,  and  its  utilization  is 
inhibited  by  icsitwcctnte  anti  fluoritle  Imt  not  by 
arsenite  or  malonate.  Kxposure  of  eomea  to  saturated 
I  I  vapor  for  10  minutes  has  no  effort  on  rituMe  utiliza- 
tiim.  Only  slight  inhlhititin  follows  20-minute  ex¬ 
posures.'*1  Pyruvate  is  usetl  more  rapidly  tluui  any 
otjs'r  testetl  sulsttaneu  liy  comes,  Imt  exposure  to  II 
dow  not  effect  this  utilization.  The  miction,  which 
is  nut  a  simple  decnrtioxylatinii,  occurs  in  the  opi- 
tlielium  anti  ntit  In  the  corneal  *.roma.""  Among 
products  which  might  result  from  pyruvate,  acetate 
anti  Ixityrate  are  usetl  only  slowly,  Imt  areto!n  is 
used  rapidly.  II  does  not  inhibit  nrctoin  utilization, 
luit  tines  inhibit  laityrate  utilization.'*1 
Kxposure  to  If  increases  the  nunpmtein  nitrogen 
content  tif  Is-ef  enmens.  One-half  to  two-thirils  of  the 
increase  is  in  the  form  of  amino  nitrogen.'*"  A  15- 
minnte  c\|io*uro  produce*  a  maximal  effect  which, 
however,  {«  not  eviilent  until  after  a  latency  of  3- 
tl  htsirs.  Tlie  increase  is  independent  of  temperature 
from  28-35(’,  Imt  is  only  one-half  as  great  at  13- 
18  ( *.'*"  Tlie  rate  of  tlisappenrance  of  ammonia  is  not 
affertetl  liy  II."*'  The  increased  nonprotein  nitrogen 
probably  results  from  proteolysis.'*" 

2l.fi  TISSl'K  4XLTURK8 

Tlie  effects  of  II  anil  various  otlier  mmp<Mind* 
on  tiwmr  cultures  tlepentl  on  tlie  dosage.  Large  doses 
pnsluce  tsxigulnt  ion  tif  cells,  proUbly  Iss-ause  of  acitl 
production.1*"  The  general  n •action  to  If  or  !IX2  in¬ 
volves  shrinkage  tif  cells,  wit  hdrawai  of  fine  processes, 
swelling  of  fat  glolmlcs,  anti  nuclear  shrinkage,** 
Smaller  tloses  inhibit  growth.**  Product*  from  the 
action  of  II  or  11X2  on  fowl  plasma  an*  toxic  to  tissue 
cultures  and  inhibit  wound  healing  in  mice  The 
pnsiurts  an*  less  toxic  tluui  tlie  vesicant  from  which 
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they  are  formal,  l*nt  it.  seem*  unlikely  that-  the 
toxicity  in  due  to  residual  vesicant  sinre  it  in  not  re* 
moved  l>y  h<*t  acetone  extraction  of  the  dried  powder. 
Neither  thitsliglycol  nor  IK’!  produce* similar  pit  id- 
net*  from  plasmti.**1  11X2  inhibit*  the  (trout h  of 
ehiek  embryo  heart  culture?*  and,  at  lower  concen¬ 
tration?*,  tlie  peristaltic  movement*  of  gut  fragment?*. 
The  toxicity  decrease*  (hiring  ineulmtion.  Tliere  in  no 
-liffcfrntinl  susceptibility  l»etween  epithelium  and 
fibroblast*.  Tlie  fimt-  olmemilde  change*  are  in  mito¬ 
chondria.5*  Hone  marrow  culture*  from  ll-poinoned 
animal*  *Im»w  aluiormalitien  chiefly  in  the  leucocyte* 
ami  tlieir  m*4»ile  precursors."  Culture*  of  i^irmat 
l*me  marrow  can  lie  used  t**  demonntmte  protective 
action  agninnt  II  by  ••nrious  compounds.** 

21.7  c.\rcin«k;knksis 

Tlie  induction  of  tumor*  in  mice  by  carcinogenic 
hydrorarlsm*  i*  inhibited  by  II M  thn*igh  a  local 
and  nonpersintent.  action.  That  i*,  I!  and  tlie  hydro* 
cnrl>on  irunt  Ite  applied  together  to  dem«m*tmte  in¬ 
hibition.  The  epithelial  hyperplasia  prelimieniy  t*i 
tumor*  i*  not  affected.*4  Among  other  compounds,  II 
milfone  po**e**e*  the  name  ability  to  a  lenner  degree, 
ltut  11  sulfoxide  doe*  not  po**p*v  it  at  all The 
anaentltic  glycolysis  of  tumor  mince  i*  inhibited  to  a 
greater  extent  by  H  than  i*  it*  respiration,44  The  oIh 
servation?.  indicate  to  the  writer  that  inhibition  of 
mitosis  may  Is4  the  muse  of  the  prevention  of  de¬ 
velopment  of  tumor*. 

21  .a  PKRMK  MHI.IT  Y 

The  permealalitic*  «»f  erythrocytes,'*  of  yeast.5*'" 
and  «.f  the  cornea  5*,‘  are  but  tittle,  if  at  all,  affected 
by  II.  In  Xitclln  treated  w?*h  2  or  3  millimok4*  *4  II 
ircrmcnbility  i*  increased  and  turgor  drop*.  Tlie 
change  i*  rapid  and  i*  not  pr**luccd  ’  ;  the  hydrolytic 
pn*luct*  of  II."  (’omen I  turge?*cence  is  reduced  by 
the  action  of  II5"*  in  eitro  -,4"1  an«l  in  eirn.'nr  Since 
the  water  et  silent  of  corneal  epithelium  i*  m**lified 
by  substances  nn*l  treatments  which  do  not  cause 
epithelial  hsisrning,  the  two  are  not  causally  re¬ 
lated.'""  Tlie  presence  «»f  a  capillary  permeability 
fact*?r  (Icucotaxinet  in  II  blister  and  lung  edema 
tluid  (phosgene  produced)  indin«:e*  that  thi*  siiIh 
stanec  is  liltenitcd  by  'issues  subjected  to  the  art  ion 
of  cl*‘mical  warfare  agent*.  It*  relation  to  the  pri¬ 
mary  event*  remains  tilisrun*.*5 
'Ilw  transformation  «»f  tlie  shape  *4  mMrit  eiythnr- 
cyt***  from  di*c  to  sphere,  which  i*  produced  by  ex¬ 


ternal  pressure  and  i*  perhaps  related  to  iiermenhil- 
ity,  is  not  modified  by  treatment  with  IIN2."* 

21.9  KFFKCTS  ON  NICI.I'I  AND 
NUCUvXR  AtmvmKS 

Chromosomal  Mkiii/.aisms 
Tlie  effect*  of  II  **n  chromosomal  mechanism*  have 
licen  studied  with  linmophila  imlnmtfHintrr  and  with 
Tratlr*mntin  bract eata.  Sublet  lml  do?*4*  in  drosophila 
reduce  fertility  by  interference  with  meiosis  ami  ein- 
hryogenosis.  Tlu4  rate  at  which  st'x* linked  lethal* 
appear  is  much  increased  over  normal.  Mnny  rhm- 
mosomal  break*  and  rearrangement*  appear.45*  A 
similar  situation  (with  chromosomal  break*  and  frag- 
mentution)  i*  fiamd  in  li-trcatcd  |*illen  grain  nuclei 
of  T.  hractcntn.  Severe  effect*  are  nuclear  pycnosi* 
anu  cell  death.  Sumving  cell*  can  divide  and  trans¬ 
mit.  chromosome  alrnot-malitH4*.451*  ^ 

l 

Mitosis  is  Mammalian  Cells 
Ir.  corneal  epithelium,  a  small  fraction  (nl*nit  I  per 
cent)  of  the  cell*  enti  lie  ofisenTd  to  lie  in  mitosis  at 
any  given  time.  Application  of  II  or  IIX2  diminishes 
tlu4  numiier  in  mito*i*  greatly.  The  delay  i*  in  the 
!*n*ct  of  mitosis.  Those  cells  which  have  liegun  the 
pmcc*«  (i.e.,  show  a  mitotic  figure)  pas*  through  to 
division  without  delay.  Tlie  dose*  required  to  produce 
thi*  effect  by  direct  application  an4  much  smaller 
(i.e.,  alsiut  1/ 100)  than  tlmse  which  sufKce  to  cause 
clinical  damage.  Parenteral  injection  of  IIN2  suffi¬ 
cient  to  produce  delayed  death  inhibits  mitosis  in 
intestinal  mucosa  and  I* me  marrow,  as  well  ns  in 
corneal  epithelium.  Recovery  in  the  cornea  occurs 
spontaneously  after  a  slow  deve|o|Mnent  of  mnximum 
inhibition  many  hours  after  di*»ige  at.  threshold 
levels. "*  In  spite  ol  the  inhibition  of  mitosis,  healing 
of  mechanically  or  vesicant-denuded  nreas  of  conu4n 
occur*  normally  up  to  the  time  Hint  the  cpitliclium 
slough*  off.  Thi*  healing  take*  plan*  by  migration  of 
marginal  cells,  a  process  not.  inhibited  by  vesiciuit* 
l*it  inhibited  by  anoxia,  iishsirctatc,  local  uiics- 
tlieties,  epinephrine,  etc.1**  Tlie  effective  dose*  for 
mitotic  inhibition  in  cornea  are  far  I  .'low  the  necro- 
tising  doses  for  II.  11X2,  and  11X3,  anti  at  alsiut  the 
neerotixing  dost4  for  lewisite."14  Higher  dose*  than 
those  which  inhibit  mitosis  produce  nuclear  frig- 
mentation  in  c<imeal  cpitliclium.  Tlie  fragmentation 
is  considered  a  form  of  pathological  mitosis  resulting 
from  action  of  tlie  vesicant*  oil  cell*  in  a  “premi¬ 
totic”  state.1*"  At  any  rute;  those  change*  in  the  eii- 
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vironment  mirh  as  reduced  temperature  and  anoxia 
which  inhilrtt  mitosis  in  normal  romea  inhibit  the 
development  of  nuclear  fragmentation  in  vesicant* 
treated  cornea.1**  In  regenerating  liver,  where  mi¬ 
tosis  is  active  and  inhibited  by  H,"  nuclear  frag¬ 
mentation  does  not  seem  to  result  from  vesicant 
treatment,  indicating  that  the  sequence  of  events  in 
corneal  epithelium  is  not  general.1*’ 

Mitosis  in  Marine  Kuos 

The  devekipment  of  starfish  eggs  is  inhibited  by  H 
in  sea  water.44  The  effects  of  vesicants  on  mitosis 
have  been  studied  in  detail,  using  A  rbacin  pHitrtulaln 
eggs.14  The  observed  effects  depend  on  concentration, 
length  of  contact,  and  the  time  during  the  develop¬ 
mental  routine  at  which  contact  occurs  with  vesi¬ 
cants.  When  suitably  treated  with  vesicant  before 
fertilisation,  delay  occurs  during  the  events  occupy¬ 
ing  the  period  between  55  and  75  per  rent  of  the 
normal  cleavage  time  (early  prophase).  This  may 
correspond  to  the  “premitotic”  state  in  comeal 
epithelium.  The  eggs  reach  the  “streak”  stage  in  the 
same  time,  whetlier  treated  or  not,  and  pass  from 
spindle  stage  to  cleavage  independently  of  dosing. 
The  intervening  tim**  (streak  to  spindle)  may  he  pro¬ 
longed  eightfold.  If  the  vesicant  is  applied  for  a 
limited  period  after  fertilisation,  the.  delay  in  the 
first,  cleavage  can  he  produced  only  by  treatment  lie* 
fore  55  per  cent  of  normal  first  cleavage  time  has 
elapsed,  and  is  pmgmwively  less  the  closer  to  the 
time  of  cleavage  as  the  treat  ment  is  applied  Appli¬ 
cation  between  55  per  cent  of  normal  first  cleavage 
time  and  75  per  cent  of  first,  cleavage  time  produces 
maximum  delay  in  the  second  cleavage.  Treatment 
at  progressively  later  times  between  eariv  prophase  I 
and  early  prophase  II  ik-mIiiccs  less  and  less  inhi- 
liition,  until  the  second  cleavage  is  not  delayer!  by 
treatment  at  or  after  the  latter  time.  The  system  lie- 
haves  ns  if  a  sensitive  snlmtanee  more  or  lew  specific 
to  each  cleavage  had  lieen  variously  protected  or  ex¬ 
posed  to  the  vesicant  during  the  devekipment.  The 
sensitive  suiistanrc  is  not  restored  by  resting  liefore 
insemination  and  after  treatment.14 

Kffeetivenn*  in  the  imrti«in  is  greatest  for  IIX3 
and  progressively  lear  for  II,  11X2,  and  formaklehyile. 
Formaldehyde  is  effective  over  a  very  narrow  range, 
almut  I  2  millimoles.  ( irenter  concent  rat  ions  produre 
granulations  ami  blistering  of  *ho  cells  after  alsmt 
2  hours.  Almomudities  in  divisions  are  evident  in 
eggs  1  rentes  I  more  heavily  than  required  few  the 
alsive  demons*  rut  iems,  eirwhen  tlie  eleveleipment  pro¬ 


reek's  in  the  presence  eif  vesicant.  Treatment  eif  sperm 
has  not  been  studies  I  to  so  gmvt  an  extent  as  the 
treatment  of  eggs.  However,  many  almormalities  re¬ 
sult  when  normal  eggs  are  brought  into  contact  with 
treated  sperm.  Such  sperm  may  enter  eggs  and,  at- 
thentgh  they  do  not  initiate  the  rise  of  a  fertilisation 
membrane,  nevertheless  prevent  the  entrance  of  more 
virile  sperm  which  actively  awarm  about  the  eggs.14 

As  a  result  of  treatment  of  arliaria  eggs,  the  nuclei 
exhibit  a  three-fold  increase  in  volume  and  almormai- 
itiox  of  development  can  he  nlmerved  in  stained 
sections.14 

Swelmnu  Phenomena 

The  nucleated  ghosts  prepared  hy  saponin  hemoly¬ 
sis  of  avian  erythrocytes  swell  when  placed  in  0  per 
cent  NaCI  or  in  0.1  per  cent  sodium  dioctylsuccino- 
sutfate  (Aerosol  OT)  in  0.0  per  cent  NaCI.  These 
materials  are  solvents  for  nurleoprotein,  but  do  not 
free  it  from  the  nucleated  ghosts.  The  swelling  of 
ghosts  in  Aerosol  OT  solutions  is  enormous  (i.e.,  sev¬ 
eral  hundredfold)  but  definitely  limited.  The  mecha¬ 
nism  of  the  spelling  phenomenon  is  believed  to  be 
osmotic  and  dependent  on  the  solubility  of  the  nor¬ 
mally  undissolved  •  nurleoprotein  in  solutions  of 
Aerosol  OT  and  in  6  per  cent  NaCI.  It  is  believed  that 
solvent  action  on  the  nudeoprotein  enhances  the 
osmotic  pressure  of  the  nuclear  contents  and  fluid  is 
drawn  into  the  nuclei  which  consequently  swell  until 
the  hydrostatic  pressure  produced  by  the  elastic  re¬ 
sistance  of  the  membrane  Imlances  the  osmotic 
pressure.1* 

The  effect  of  treatment  with  vesicants  is  to  de¬ 
crease  Us?  swelling.  On  Us*  alsive  liypotltesis,  Us* 
vesicant  either  reduces  the  osmotic  effect  of  the 
nurleoprotein  or  increases  the  rigidity  of  the  clastic 
container.  No  effect  indicating  aggregation  can  I* 
observed  in  the  case  of  Isolated  nurleoprotein  treated 
with  II  at  the  low-  concentrations  necessary  to  in¬ 
hibit  swelling  itf  the  ghosts.  Tlie  second  hypothesis  is, 
tlierefore,  the  more  prolmlde.  After  reaetion  with 
vesicant  Itas  occurred,  the  inhibition  of  swelling  is 
not  reversible  by  tesuspension  or  hy  treatment  vjth 
thiosulfate.  The  inhilution  requires  time  and  its  rate 
can  l»e  measured.  It  is  accelerated  at  increased  tem¬ 
peratures.  The  sensitivity  to  vesicants  of  Uir  swelling 
phenomenon  is  greater  than  tlint  of  any  other  isolate! 
manifestation  of  vesicant  action.1* 

Intact  erythrocyte*  are  swollen  and  hemolvxed  by 
Aerosol  OT.  Tlie  swelling  is  less  sensitive  to  inhibi¬ 
tion  by  ve»icnnts:  8ll  per  cent  swelling  loss  is  |>n»- 
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(lured  when  870  X  10""  millimole  of  HN2  has  re¬ 
acted  per  erytiirocyte  and  when  7  X  10~"  millimole 
has  reacted  per  ghost;  the  corresponding  figures  for 
70  per  cent  loss  are  300  X  HH*  and  I  X  10~"  milli¬ 
mole.  The  difference  must  he  aarrihed  chiefly  to  the 
reaction  with  hemoglobin  which  is  present  in  the 
intact  cell  lint  not  in  the  ghost.  The  hemoglobin  could 
properly  lie  called  the  mom  reactive  unbalance  in  the 
intact  cell,  lint  it  is  not  important  to  the  swelling 
phenomenon." 

Among  substances  which  are  not  vesicant*,  cya¬ 
nide,  iodoaretale,  and  fluoride  ions  have  no  effect; 
formaldehyde  is  effective  in  quite  low  concentrations 
(i.e.t  of  the  same  order  of  magnitude  as  the  vesi¬ 
cant*).  The  damage  liy  formaldehyde  is  less  the 
greater  the  concentration  of  nucleated  ghosts, 
whereas  with  H,  HN2,  and  IIN3  the  amount  of 
damage  is  independent  of  the  ghost  concentration." 


Suspensions  of  lung,  bone  marrow,  kidney,  spleen, 
intestinal  mucosa,  and  skin  of  rots  and  raliiiita  tiro 
swollen  by  Aerosol  OT.  The  concentration  of  Aerosol 
OT  required  to  produce  maximum  swelling  is  differ¬ 
ent  for  each  tissue.  In  some  cases  (i.e.,  intestinal 
mucosa)  the  swelling  ability  is  rapidlv  Inst  after 
preparation,  whereas  in  othei*  the  capacity  to  swell 
is  retained  long  enough  to  demonstrate  that  the  tis¬ 
sues  arc  sensitive  to  vesicants.  For  lung  and  Ixme 
marrow,  the  sensitivity  is  of  the  same  order  as  for 
ghosts.  In  spite  of  the  sensitivity  of  the  isolated  tis¬ 
sues,  no  decrease  in  swelling  ability  of  the  lung  or 
Ixme  marrow  after  LI)*  or  supra  LI) M  doses  of  HN2 
or  HN3  to  rats  or  rabbits  could  lx»  demonstrated  up 
to  4  or  5  hours  after  dosage.  Various  possUiiHties  are 
considered  in  explanation,  but  the  problem  of  the 
key  lesion  in  vesicant  injuries  is  not  solved  by  the 
swelling  phenomenon." 
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Chapter  22 

SYSTEMIC  PHARMACOLOGY  AND  PATHOLOGY  OF  SULFUR 
AND  NITROGEN  MUSTARDS 

By  William  P.  An  Mow  and  Rilry  Houck 


•2.1  INTRODUCTION 

T HiH  riiAPTKR  irt  a  review  of  cbmincd  literature 
concerning  the  systemic  pliarmacnlngic  and 
pathologic  action*  of  the  milfitr  and  nitmgen  miirt- 
tnnls  f/J-elilonietli.vl  vesicant*).  Attention  in  given 
chiefly  to  fc/V0-ehlnn>ot!iyl)  sulfide  (II),  ethyM)/*(/J- 
ehlometliy  Damme  (IIN I ),  irndhyl-hM/MdoniethyD- 
amiiie  (11X2),  fri'*(0-ehionwthyl  )amine  (11X3),  ami 
irtopropyl-fcirt(/Jrt*hlonrt!iyl)amine  (Tl,  301).  Data 
are  included  on  additional  compounds  deemed  perti¬ 
nent.  to  the  tinderxt anding  of  the  aetion  of  the  shove 
compounds. 

Systemic  injury  by  the  0-ehioniothyl  vesicants  irt 
that  injury  wliieli  results  from  distrilmtion  *if  the 
ngetitrt  l»y  way  of  the  eirenlation.  Thus,  systimlc  In¬ 
jun-  always  follow)*  parenteml  administration,  in- 
chiding  akin  applieati«>n.  In  additi*m,  it  arirtet*  from 
ora!  administration.  However,  on  inhalation,  the 
development  of  systemic  injury  varies  with  tlie 
species,  apparently  depending  on  their  siae.  In 
smaller  animals  in  which  the  narrow  upper  respira¬ 
tory  pnssrircrt  may  ntisorh  the  vapor,  systemic  injury 
results  only  when  the  animals  do  not  sueeumli  to 
asplivxial  death  (edema  of  the  glottis).  In  larger 
nnimals,  including  mnn,  systemic  injury  following 
inhalation  i«  rarely  demonstrable.  Here,  the  wi<!cr 
respiratory  passages  permit  \*ap*»r  to  tench  the  lungs 
where  damage  resulting  iiw-xtensive  eilema  may  pre¬ 
cipitate  rapid  nxphyxtnl  *lcath.  If  rapid  «lenth  is 
avoid***!,  superimposed  secondary  infect i»m  may  l*e 
th«*  **ause  of  delayed  di*ath  in  tire  alnonce  *if  signifi¬ 
cant  systemic  injury.  In  this  chapter  inlialntion  is 
<li**u*xed  only  when  it  has  involved  systemic  al>- 
sorption. 

•2.1  .t  Common  Feature*  of  Systemic 
Klfert* 

Many  f**atur**s  of  syst**mie  int*fxirati«in  art*  com- 
m«Hf  t*»  tlie  ^-ehlomeihyl  vesicants.  Following  ad¬ 
ministration  of  Uh„  doses,  animals  sh*»w  no  irrmodi- 
ate  injury  hut  «Ih*  of  systemic  intoxication  in  70  - 
1 10  hours  («lclay**d  death),  and  pathologic  examina¬ 
tion  of  such  animals  reveals  injury  to  the  same  tis¬ 


sues,  differences  I  wing  recorded  only  in  tin*  intensity 
of  tlie  lesions,  Tbcm|>eutic  approaches  to  alleviation 
of  systemic  intoxication  have  attained  no  significant 
sliced**,  although  s«>mo  prophylactic  pnaxalurrs  will 
prevent  systemic  injury.  Systemic  injury  in  matt  fol¬ 
lowing  inhalation  or  skin  exposure  is  infrequent  find 
is  a  had  prognostic  sign. 

In  small  uninuils  given  dust's  causing  dciayed 
deaths,  no  toxic  effect)*  may  lie  evident  up  to  40 
hours,  Init  the  animal  soon  stops  eating  and  drinking 
and  rapidly  Iohcs  weight.  Muscular  weaknc**  and  de¬ 
bilitation  increase  progressively  until  the  animal  is 
prostrate.  Watery  diarrhea  appears,  reflecting  dam- 
age  to  the  intestinal  tract ;  tliere  is  a  loss  of  control  of 
Itody  temperature,  slowing  ami  enleehlcmcnt  of 
respiration,  and  exodus  rr-y  l»e  preceded  by  eonvul- 
rive  trem«m*  which  pmliably  reflect  cerebral  anoxia. 

In  the  dog,  nausea  and  vomiting  accompanied  by 
anorexia  usually  Iwgin  a  few  hwirs  after  intoxication 
ami  may  persist  with  increasing  severity  through  tire 
second  nr  third  (by,  ami  dbrrhca  variably  stained 
with  Moral  makes  its  appennuire  by  the  seetmd  or 
third  day.  Frrnn  the  third  to  tlie  fifth  day,  weakness 
appears,  issly  temperature  is  reduced,  the  extrem¬ 
ities  lierome  cold,  ami  the  animal  gradually  goes  into 
terminal  coma.  Death  usually  results  fmm  respira¬ 
tory  failure  whirh  in  turn  b  a  **onse*|iienee  of  p**- 
ripheral  eireubtory  failure. 

The  evidence  for  the  existenre  «»f  peripheral  cirru- 
btory  failure  consists  of  reduction  in  the  volume  of 
extracellular  fluid,  eireulating  plasma  volume,  total 
eireubting  red  cell  volume,  total  eireulating  plasma 
protein,  nnd  plasma  chloride.  Terminally  tliere  is  a 
marked  oxygen  unsaturation  of  the  jugular  blissi 
(arterial  saturation  presumably  I  wing  normal).  Al¬ 
leviation  of  some  of  the  alxive  changes  by  fluid  and 
oketmlyte  replacement  at  terminal  stages  causes 
dramatic  improvement .  As  this  therapy  falls  to  enr- 
net  underlying  lesions,  only  transient  lienefit  is 
achieved. 

Change*  in  some  blood  constituents,  c.g.,  glucos*', 
lactate,  an«l  pymv»ite,  an*  im*«»nsisl«*nt  and  lack 
specificity,  sinie  they  an*  associated  with  unrelated 
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other  Wood  constituents,  o.g.,  albumin  ami  globulin, 
nonprotoin  nitrogen,  fibrinogen,  inorganic  phosphate, 
pentose,  phosphisrcntinc,  cholesterol,  and  otlior 
lipids,  are  mom  consistent.  Huch  chnngo*  npppnr  to 
possess  some  uniformity,  since  they-  are  associated 
with  a  limited  mtml>or  of  related  traumatic  proce¬ 
dures.  In  some  coses,  thovarooonpomitontsof  periph- 
pral  cimilotory  failure;  in  others,  of  infcctiists  dis¬ 
eases,  mptatiolip  disorders,  Imms,  ptr.  Thpy  possibly 
reflect  some  underlying  functional  disorder  common 
to  these  various  forma  of  injury. 

Tlic  /J-chloroothy!  vesicants  am  cytotoxic  agent* 
capable,  if  prennt  in  sufficient  concentrations,  of 
killing  any  typo  of  cell.  However,  when  diatrilaited 
in  the  laxly  in  tin*  small  amounts  which  am  present 
after  LDts  doses,  the  most  nensitivc  tissues  am  the 
blood-forming  organs  (Isme  marrow  and  lymphoid 
timue)  and  the  intestinal  mucosa.  Boon-marrow  in- 
jury  consists  of  depletion  of  the  granulocytic  series 
and  degenerative  changes  in  the  megakaryocytes, 
and  culminates  in  aplasia.  Lymphatic  tissue  injury 
in  the  spleen  consists  of  fragmentation  of  lymphoid 
cells  with  phagocytosis  of  chromatin  particles,  ami 
cellular  depletion  of  the  sinuses.  In  the  thymus,  cy- 
tolysis  of  the  lymphoid  cells  of  the  thymic  corpuscle 
ami  interstitial  tissue  occur*.  Injury  to  the  intestinal 
tract,  particularly  the  small  intestine,  consists  of  de¬ 
struction  of  the  mucosa  with  desquamation  and  m*- 
emsis  of  the  epithelium,  and  hemorrhage  in  extmme 
cases. 

Injun-  to  the  hhxsl-forming  organs  is  mftectrd  in 
changes  in  I  lie  emulating  Mood.  TIs*  abrupt  injury 
to  tlie  lymphatic  tissue  is  paralleled  by  an  cariv  dis¬ 
appearance  of  lymphocy to- ','rom  the  blixxl.  At  the 
same  tills1  tliero  is  an  nlisotutc  gramil<s<ytosis,  tlie 
result  of  stimulation  of  the  l*ine  morrow,  leading  to 
the  discharge  of  granulocvtcs  into  the  circulation. 
11  is  stimulating  proci***  may  lie  completed  at  24 
tasirs,  so  that  blood  counts  at  21-hisir  intervals  fre¬ 
quently  show  only  a  pn>gn**sive  leucopcnia  which 
reaches  a  maximum  /*;r»  /xixxm  with  < alter  symptoms 
at  it  or  I  days. 

In  surviving  animals  extramedullary  hematopoi¬ 
esis  may  is-cur  in  the  liver  lieforc  regeneration  occurs 
in  the  lame  marrow  and  lympheid  thwio.  Lytnpho- 
cytes  mum  I* ‘fore  granulisiyti>s,  and  market!  hyper¬ 
plasia  of  tin*  tlivniu*  ami  lymph  msles,  parnlie!  with 
this  recovery,  is  histologically  demonstrable.  Regen¬ 
erative  activity  in  the  Isme  marrow  may  eaus«>  a  dis¬ 
charge  ot  immature  gmiudocyte*  sufficient  to  raise 


almiptlv  the  Wsvocytc  count  to  the  Wood.  Hegmer-  . 
atiw  activity  may  persist  for  weeks. 

Tlie  only  prophylactic  and  thempeutle  procedure* 
whieh  haw  attained  any  ilegree  of  success  are  those 
upending  on  the  principle  of  internal  decontamina¬ 
tion.  Variisis  sill mtanees  (e.g.,  sodium  thiosulfate  and 
hexamethylenetetmmine)  which  are  known  to  react 
chemically  with  the  0-chloroothyl  vesicants  signili- 
eantly  alter  mortality  mte  when  given  prophy tacti¬ 
cally  in  doses  sufficient  to  yield  relatively  high  hlmsl 
lewis.  The  same  sutmtanees  are  effective  therapeuti¬ 
cally  after  skin  contamination  if  treatment  is  initi¬ 
ated  rapidly,  i.o.,  lieforc  significant  systemic  nh*ur|>- 
tion  <M*cttrs.  It  seems  apparent  that  these  procedures 
effectively  decontaminate  the  agents  in  the  blood  and 
extracellular  fluids  and  thus  prevent  entmiiee  of  the 
agents  into  the  cell.  Once  a  sufficient  quantity  of  a 
/l-chlornethyl  vesicant  has  reacted  with  cells  of  the 
liody,  the  damage  is  irreparable  so  far  ns  existing 
knowledge  goes,  'finis  nil  attempts  at  specific  tlier- 
npy,  as  well  as  of  symptomntie  tiiempy,  luive  failed. 

In  man  there  are  few  uncomplicated  data  indicat¬ 
ing  systemic  injury’-  Karly  vomiting,  by  some  asso¬ 
ciated  with  systemic  alisorption,  is  lM>lieveil  tube 
nonspecific  1  localise  it  neeurs  in  a  variety  of  condi¬ 
tions  involving  skin  trauma.  Delayed  gastrointestinal 
distort  niters  ami  leucopcnia  have  in  many  cast's  indi¬ 
cated  systemic  intoxication.  Tlie  frequency  and  pro¬ 
longed  dumt  ion  of  the  gastrointestinal  disturbances 
possibly  indicate  nn  increased  sensitivity  of  the  hu¬ 
man  intestine  to  the  action  of  the  0-chlomethyl  vosi- 
cants.  On  tlie  other  hand,  the  human  liematopoiotic 
system  seems  relatively  insensitive,  as  judged  by  the 
rare  appearanee  of  leticoponia,  usually  present  only- 
in  fatal  eases. 

Individual  Pharmacologic  Actions 

Alsive  fi/tiii  doses,  anil  sometimes  at  LDm  dosi*s, 
certain  eiainieteristie  pharmacologic  actions  an*  man¬ 
ifest,  chiefly  on  the  nemsis  system.  Tliey  air-  readily 
elicitixl  on  intravenous  ailmiuist  nit  ion,  less  readily  on 
ndministmtion  by  other  routes. 

( 'hnlinrrgie  action  is  possessed  hv  Isith  Hand  HX2, 
and  is  elmmefcriwxl  by  muscarinic  action  on  glands 
and  smisith  muscle  and  nicotinic  ••'•tion  on  auto¬ 
nomic  ganglia  and  skeletal  muscle.  In  the  case  of 
Isith  agents,  peripheral  stimulation  of  lurid  effector 
cells  appears  to  aceisuit  for  t  he  muscarinic  responses, 
although  central  excitation,  apparently  minimal, 
cannot  lie  excluded.  Cholinergic  action  is  not  con¬ 
sidered  a  factor  sn  the  development  ol  the  syndrome 
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leading  (o  delayed  death  and  in  not  rrsponsililo  for 
late  vomiting  and  diarrhea;  ( 'holino*ternMr  inactiva¬ 
tion  is  pmhably  not  involved  in  thin  cholinergic 
action. 

Pnrrttym  jtnlh  icnlytic  action  is  shown  by  HNS  at 
amall  donna,  a*  judged  by  paralysis  of  cardiac  vagal 
filers  ami  antagonism  of  the  action  of  parasympa¬ 
thomimetic  drug::.  A  similar  parasvmpath icoly  t in 
action  of  II,  I  IN'?,  and  TL  30!  appears  to  he  present 
in  severe  intoxication. 

('nnvuimte.  action  is  so  distinctive  of  HNS  as  to  war¬ 
rant  classification  of  this  agent  as  a  true  convulsive 
drug.  High  doses  of  this  compound  given  pnrententlly 
have  an  immediate,  direct,  intense  convulsive  action 
which  results  in  ilcath  within  t»  hours.  Central  stimu¬ 
lation  is  a  property  of  II  and  HN2  at  high  doses,  hut 
the  action  is  not  similar  to  that  of  HN3. 

Paralytic  action  is  possessed  by  latth  IIN2  and 
HNS.  This  action  is  characterised  by  a  progressive, 
irreversil»le  muscular  weakness  and  may  cause  death 
in  a  numlirr  of  hours. 

Senrctayic  injury  has  been  observed  in  animals  in¬ 
toxicated  with  HNl  ami  HN2  by  cither  gaining  or 
intravenous  administration,  hut  never  after  intoxi- 
cation  by  other  nsites  or  with  other  agents.  This  in¬ 
jury'  luis  usually  appeared  altout  the  i.;ird  or  fourth 
day  in  animals  showing  no  other  evidence  of  sys¬ 
temic  intoxication.  In  extreme  cases  the  injury*  is 
fatal,  and  among  survivors  hyperirritahility  persists 
for  weeks. 

52.2  (tf-CIILOROKTIlYL)  SULFIDK 
(MUSTARD.  II.  Dll,  Dll\) 

22.2.1  Pharmacology 

Toxicity 

The  parenteral  toxicity  of  II  for  various  t  pecies  is 
shown  in  Tattle  i.  For  additional  information  on  the 
toxicity  of  II,  the  reader  is  referred  to  the  following: 
intmjicritoncnl  administration  to  the  mouse, 
rat,17*  ami  dog:1*'*  oral  administration  to  the  rab¬ 
bit  i**'’*1  intramuscular  administration  to  the  rolt- 
hit  ;'*4  and  application  of  neat  II  to  the  undipped  fur 
of  the  goat  and  midst.** 

Distriwtion  ami  Kxckktiox  or  II 

II  penetrates  the  skin  readily  (see  (Tiapter  23). 
A  large  part  of  that  which  has  penetrated  passes 
through  tlie  skin,  into  the  circulation,  and  ts>romcs 
available  for  producing  systemic  injury.*  Thus  ex¬ 
tirpation  of  the  contaminated  skin  of  rabbits**  and 


rats  m’1  is  efficacious  in  pnwention  of  systemic  injury 
and  in  saving  the  animals  only  if  the  procedure  is 
carried  out  within  10-15  minutes  after  contamina¬ 
tion.  Having  entered  tlte  blood,  II  is  rapidly  ilia- 
trilmted  to  the  tissues.  Fifteen  minutes  after  skin 
application  of  II  containing  8,*  the  radioactive  sullur 
has  lieen  fmiml  in  all  examined  tiames  except  tltc 
eye.•,,•  Following  the  application  of  5  mg  of  radio¬ 
active  II  to  the  skin  of  the  rat,  0.17  mg  was  di*- 
trilaited  throughout  the  organism  within  30  minute*. 
This  amount  is  more  than  on  /./>»  dose  given  int ra¬ 
venously. ,sM 

Under  conditions  which  (termitted  tracing  nn  aver¬ 
age  of  85  per  cent  of  tin*  8**  applied  to  tlte  skin  of  rats 
as  II,  the  concentration  of  Stt  in  the  tissues  reached 
maximum  values  lietween  2-0  histrs  and  thereafter 
decreased  until  fairly  steady  values  were  reached  at 
24-72  hours.'**'  At  all  times  the  concentration  in  nny 
one  tisstie  was  found  to  correspond  closely  to  the 
average  concentration  in  all  tissues,  except  in  the 
kidney  which  consistently  showed  higher  concentra¬ 
tion*.  A  concentration  of  8*  significantly  higher- in  / 
the  hone  marrow  than  in  lung,  liver,  kidney,  and 
brain  has  been  reported  5*,‘  to  follow  skin  contamina¬ 
tion  with  radioactive  If.  However,  this  important 
olwcrvation  has  not  lieen  confirmed  in  other  lalNirn- 
torie*.,"M-r-,s*'  In  the  blood  the  concentration  rose 
during  the  first  It  hours  and  fell  thereafter  until  a 
secondary  increase,  possibly  related  to  hcmoconcen- 
tration,  occurred  at  48  and  72  hour*.17*  During  the 
first  It  hour*  the  concentration  «»f  8*  in  the  plasma 
was  higher  than  in  the  cells,  imt  at  12  hour*  and 
tlHTcofter  the  situation  was  reversed.  The  total 
urinary  excretion  in  72  hour*  contained  50  per  rent 
of  the  applied  K*»,  the  greatest  fraction  having  ap¬ 
peared  in  the  first  24  hours.  ^  The  excreted  product 
was  in  the  neutral  sulfur  fraction  of  toe  urine.'3'' 

When  a  solution  of  mdionrtivr  II  dissolved  in  tri- 
orrtin  was  injected  intravenously,  8*  was  found  in 
the  urine  and  Idle  within  Ml  minutes.  Urinary 
excretion  paralleled  urine  formation.  At  termination 
of  tlie  longest  experiment  (7  hmirs)  the  8*  concen¬ 
tration  in  tlie  urines  was  still  high.  The  highest  total 
excretion  was  obtained  in  one  experiment  of  4  lusirs’ 
duration  ami  amounted  to  22  per  cent  of  the  8**  in¬ 
jected.  In  the  bile  7  per  cent  of  tlie  injected  8**  was 
excreted  within  3  hours;  the  maximum  concentration 
occurred  lietween  21)  and  30  minutes.  Tltc  excreted 
product  was  not  identifi1*!.  At  the  end  of  the  experi¬ 
ment  (3*4  hours),  tlie  contents  of  the  stomach  and 
small  intestine  contained  relatively  small  quantities 
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Tahl«  1.  Pnrenteml  toxicity  of  li  for  (/./>*.  in  m*/k*). 

PG  -  pwpylenc  triyeid  m.  -  approximately  In*.  •  in*mtion 

TO  -  thiodi«tyr<d  inj.  -  injection  nr  injrrtrd  neat  -  undiluted 


Inlm  vernal* 


Animal  I  /./>«  I  lief.  I  (Advent 


Hulteut  anemia 


(Advent 

Remark* 

W» 

Hel. 

(Advent 

ft.  05  ml 

» 

23n 

PG 

PG 

*dn  |ief 

30 

21 

Neat 

20*mnn*e 

30  to  30 

M 

Trilaityrin 

pg 

0.1  ml/2f)0* 

3.2 

23o 

PG 

Neat 

Cutancmt* 


Hof.  I  llnnarka 


23k  Hite,  latek; 
in*,  pre¬ 
vented 


fl.Aml/k* 


0.5  ml /k* 


Wow  inj. 


In  a  vnl. 
of  I -2  ml 


<M«t 


•  TV  i  one  I  a  mm  ka  fc»  giv«n  for  H  thorn 4 red  in  twain %p  oil.  hm  I V  t mki4\  nt  H  m  mm  nil  nr  in  (k|vM  pamfVi  «ji  ftnmt  to  V  4n,tir, 

t  Ti*  l*r*'*v*  i»t  nn^Ntr  evaporation.  ih*-Mir  wm  rnrmed  for  15  mutate*  at  arWh  f hue  drenntammatinn  hy  artnhhina  with  H  her  nan  earned  fust. 
t  TV  animal*  nr ere  ane«t  Vtitrd  <  farina  tV  awValkm  ami  kef*  «n  anril  I V  i.»m  *»»  no  Um*rr  vinMf  cm  •  V  akin. 

f  Umlnf  ^  I V  le/>M  fie  II  S|it4nt|  to  tV  tail  of  rat*  trail  reported  an  II  ma  ka.  With  maewion  |»rmilHl,*:  I  'I  rata  iM  of  unknown  rtwr*  folio* 
it»a  apHieatem  *4  MA  ma  ka  *4  II  to  t V  tad. 

TV  mV  *  ■fated  to  V  minimum  fatal  Hmr”  No  detail*  are  aforn. 

♦  Tha  value  a  mm*  I-  an  mrlm  valar.  Ill  15  ma  ka>  Vt  tV  amended  rtV  remain*  V  t  than  t V  Ammean  t'aV 
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of  8*  which  must  have  been  excreted  into  the  gut  by  effects  should  lie  distinguished  from  tin*  dclnyed- 


some  riatte  other  than  the  Hie. 

T!ie  kidney,  liver,  and  l*one  marrow  showed  an  8* 
content  higher  at  one  hour  than  at  2'  •_»,  4,  ami  12 
Hsir*,  wliereas  tlie  peak  eoneentmtion  in  the  Inna 
occurred  at  I  hour*,  TH*  concentration  in  lame  mar¬ 
row  and  intestine  at  I  hour  was  cntn|ximhlc  to  that 
in  the  liver,  lint  remaineo  Sower  than  that  in  the  kid¬ 
ney  and  luiig."*,'h  At  I  hour  only  a  very  small 
quantity  of  S“  was  found  in  the  thyroid,  heart 
muscle,  skin,  hair,  and  in  a  representative  sample  of 
skeletal  muscle.'1* 

At  I  hour  the  distrihution  ratio  of  S*  between 
cells  tuid  plasma  (concentration  in  cells  conrentm- 
tiim  in  plasma)  was 0.38,  and  tlie  total  quantity  of  8* 
in  tlie  cells  and  plasma  was  10  per  cent  of  that  origi¬ 
nally  injected.  Tlie  eonrentmtiim  in  tlie  cells  re¬ 
mained  approximately  constant.  However,  tlie  con¬ 
centration  in  the  plasma  decreased  until  at  I  hours 
the  allow  distrihution  ratio  ruse  tn0.54.  After  (hours 
tlie  plasma  concentration  remained  fairly  cimstant. 
When  a  solution  of  mdioaetive  It  in  triacctin  was 
milled  to  a  hole  blood  in  vitro,  the  distrilMition  ratio 
at  12  hisirs  was  nearly  the  same  as  tluit  at  12  iMMirs 
in  pint.  However,  in  the  early  stages  (20  minutes) 
in  vitro,  »he  concentration  of  8*  was  higher  in  the 
cells  thnn  in  tlie  plasma,  a  circumstance  which  gave 
a  distrihution  ratio  of  l.7.'*'-,‘  A  considerable  portion 
of  tlie  8“  (mainly  in  the  plasma)  was  extractable  by 
means  of  ether  ami  acetone."* 

Cross  Climcal  <)hsi:rv.\tio\s 

Tlie  systemic  action  of  II  in  experimental  animals 
and  man  has  recently  I  teen  reviewed.*-"  Wlien  given 
to  most  lalsiratoty  animat  imrcntcmily,  II  in  supra- 
M) m  duel's  etui  cause  salivatiim,  vomiting,  dcfecw- 
tiim,  bradycardia,  and  arrhvthmia  follmvi*il  by  tachy- 
canlia,  increascil  tvspimtoty  nite,  vagal  paralysis  and 
partial  heart  block,  |isychomotor  restlessness,  ataxia, 
hypen*xcitaliilityt  mid  ci.nvutsiims  and  death  within 
a  few  hours.  The  symptoms  and  pcriisl  of  survival 
vary  somewhat  with  dosage  and  route  of  administra¬ 
tion.  At  doses  in  various  sprcii>s  death  is  di'- 
lavi'il,  usually  until  the  i hint  or  fourth  ilay,  during 
which  time  notable  systemic  effects  an*  consistently 
ilcmnnstruhK  Salivation,  vomiting  ami  defecation 
or  diarrla'a,  and  tin  mire  and  mts)  sccii'tiim  of  nil 
tears  may  follow  immediately  upon  intoxication. 
Presumably  tin's!'  change*  arise  from  a  |>ani*,vnipu- 
•homimetic  action  which  may  or  may  not  rrtlect  a 
‘'cholinergic”  action  on  the  end  organs.  These  acute 


vomiting  ami  persistent  diarrhea  which  are  proHibly 
attributable  to  lornl  intestinal  lesions.  Intestinal 
liemorrhage  may  cause  a  blissly  diarrhea  which  is 
n<rr  in  nslents  Hit.  often  seen  in  dogs,  goats,  and 
eats.  Two  additional  and  invariable  signs  of  intoxi¬ 
cation  an>  anorexia,  pmHihly  refemble  in  |xtrt  to  in¬ 
testinal  injury*,  and  weiglit  loss.  TH>  weight  loss  is 
not  due  entirely*  to  anorexia,  e  considemble  part  re- 
sulting  from  loss  of  electrolyte  and  water  in  the 
diarrhea,  vomitus,  and  possibly  urine  This  condition 
is  analogous  to  tluit  seen  in  intestinal  olist ruction, 
cholera,  and  dysentery,  wH*re  fatal  oligemia  inn  re¬ 
sult  it.  from  3  -ft  days.  The  symptoms  vary  with  the 
species.  (Sastritisand  enteritis  with  diarrhea  may  not 
•*ar  in  rtslents,  except  after  oral  administration 
or  after  licking  topically  applied  II;  however,  tlie 
stomach  and  smalt  intestine  lire  otten  distended  and 
filled  with  n  yellow  viscous  material.*'**  •'  m 

\fter  skin  application  of  supra-/v/>M  doses  in  dogs, 
in  many  instances  a  pcriisl  of  increascil  neuromuscu¬ 
lar  excitability  is  followed  by  one  of  depression,  and 
convulsions  do  not  appear  at  all,  although  salivation 
and  ilcfecation  arc  present. This  neuromuscular 
cxcitaHlity  is  not  associated  with  a  low  blood  level 
of  total  or  ionic  cnlciiim.,*M 

Anesthesia  may  influence  symptomatology*  tuid 
survival  time  in  dogs  after  intravenous  injection  of 
supm-/;/>i*  doses.  Hnulymnlin  and  hypotension, 
which  apjiear  early  in  dogs  under  HirHtal  anesthesia 
ih*  morphine  sulfate  and  arc  evanescent,  arc  seen  only 
prctcrminally  in  conscious  dogs.  Although  anesthesia 
aHilislied  retching  and  vomiting,  the  dogs  survived 
only  4  II  Ittsirs,  wliereas  conscious  dogs  lived  3- 
4  days.***1-*' 

In  goats,  within  a  fen-  hours  after  skin  application 
of  a  mMil)* ,  dose  of  mustanl,  the  |is*al  edema  may 
Is*  so  severe  that  a  reduction  in  plasma  volume, 
liemis-onci'iit ration,  and  a  shis*k-likc  state  ri'solt.. 
Tltesi'  developments  arc  ncfom|mnird  by  lein'i. 
tosis,  a  slight  to  mislemte  rise  in  plasma  uoiipro' 
nitrogen  (XPX),  and  a  transient  increase  in  respira¬ 
tor;  rate  and  metal  temperature.  After  reaching  .. 
I  teak  at  III  hours,  all  the  above  values  return  to  nor¬ 
mal  by  21  hour*.  Plasma  transfusions  given  soon 
after  intoxii*ation  prevent  the  aHivc  changes.1*4 

<  hissing  with  massive  doses  of  II  vapor  results  in 
virtually  tlie  same  clinical  cl’uugt-.*  as  intoxication  by 
imrenteral  iiiji*ctlon  or  eutaticm:*  application.”*  ",'*l*‘ 
However,  salivation,  vomiting,  and  weight  lo»*  did 
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not  occur  when  the  hern!  of  h  dog  was  protected  from 
II  vapor,  while  only  tfie  Issly  was  expom!."*''' 

Runiii  Stvoiks 

A  reduction  in  the  nnml»er  of  white  Mood  cell*  at* 
well  an  various  biochemical  change*  in  tlie  Mood  fol¬ 
low  parenteral  injection  or  cutaneous  application  of 
/,/)»  or  (prater  doses  of  If.  Blood  platelets  an*  mark¬ 
edly  decreased  in,  severely  intoxicated  dogs,  I  tut-  ap¬ 
parently  not  in  other  species.**  The  red  Mood  cells 
are  apparently  little  affected.  Tlie  reduction  in 
white  blood  cells  involves  Isith  gmnulocvte*  ami 
lymphocytes.  Tliis  leucopenia  afford*  a  good  imlex 
of  tlie  severity  of  intoxication  ami  possibly  weakens 
the  defense  of  tlie  animal  against  infection.  It  may 
lie  preceded  by  leucocytosis  lasting  a  day  or  more.*- 
a<-.r.H.iT.K.Mri.<..i.M.(i».jd.!>».i<t«.is  |t,  animals  gassed  with 

II,  leuciicytosis,  leucopenia,  ami  lymphopenia  may 
or  may  not.  occur.  I’espimtory  tract  inflammation 
due  eitlier  to  the  direct  action  of  II  or  to  superim¬ 
posed  I  (arterial  infection  may  frequently  produce  a 
leucocytosi*  at  a  time  when  leucopenia  wmdd  other¬ 
wise  nppenr.*-M,,-**,-**r** 

A  liemoconccntration  indicated  by  ineirasrd  red 
Mood  cell  count,  per  cent  hemoglobin,  and  hema¬ 
tocrit  may  rapidly  follow  intoxicate*!.  This  has  lieen 
oliscrved  in  various  species  after  parenteral,  topical, 
ami  vapor  intoxication.*47*4'14*-7"1"*  As  a  rule,  the 
liemoconcentmtion  is  lew  striking  in  rabliits  than  in 
other  species.47-1*  In  sundving  animals,  at  a  time 
when  tlie  leucocyte  count  may  lie  returning  to  nor¬ 
mal  or  alsivc,  a  progressive  anemia  may  occur, **  7*-"'* 
with  no  alteration  c,i  the  reticulo-emlothclial  sys- 
tem.**  In  mMiits  and  dogs  this  anemia  frequently  re¬ 
sembles  the  idiopathic  or  licvene  t.ypr.  The  hema¬ 
tocrit,  per  cent  hemoglobin,  and  red  blood  cell  count 
decrease  with  no  change  in  the  color  index,  mean 
corpuscular  volume,  or  diameter  as  measured  by  the 
Priw-Jom**  method.**-7"-1"*  Tims  it  appears  that  the 
marrow  produces  fewer  rrd  cells  for  a  time,  and  that 
in  some  instam-es  the  cells  are  immature.**-7"-'"*  The 
delayed  anemia  may  reflect  an  initial  injury  of  the 
erythroblastic  tissue  which,  Iweanse  of  the  longer 
life  of  the  ml  cells,  is  not  evident  during  tlie  first  few 
days  of  intoxication.  Intestinal  hemorrhage  may  also 
contribute  to  the  anemia.  Since  ml  cells  are  readily 
digested,  the  stisil  may  not  lie  frankly  bloody  except 
in  extreme  instances  Hemosiderosis,  typically  pres¬ 
ent-,  indicates  a  marked  destruction  of  ml  cells  in 
thelxsly.* 

Definite  changes  can  lie  demons!  cub'd  in  blood  ol>- 
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tained  from  intoxicated  animals.  An  increased  sedi¬ 
mentation  rate  of  ml  cells,  increase  in  coagulability 
of  tlie  blood,  anti  an  increased  tendency  to  agglutina¬ 
tion  of  cells  have  lieen  ol (served,  tted  I'ell  fragility  is 
not  altered.  Ttiese  changes  are  marked  after  U)m  or 
greater  doses  of  H  injected  purentemlly.  Markedly 
incmised  agglutination  may  indicate  that  the 
changed  properties  of  the  ml  ceils  contribute  to  in¬ 
creased  cell  destruction  in  vim  as  well  as  to  the  ulti¬ 
mate  eirrulatory  failure  which  appears  to  lie  the  im¬ 
mediate  cause  of  death.*  An  increase  In  sedimentation 
rate  of  ml  cells  has  also  lieen  found  in  ruldiits  from 
2-t  hours  to  4  days  after  rutuncons  application  of  a 
sul t-LI)*  dose  of  II.  In  many  instances  tlie  sedimen¬ 
tation  rate  returned  to  normal  concomitantly  with 
healing  of  tlie  cutaneous  lesions.  It  is  lielieved  that 
changes  in  the  plasma  were  responsible,  liceausc 
normal  corpuscles  in  plasma  of  treated  animals  sedi¬ 
mented  faster  than  corpuscles  of  treated  aniuuds 
in  normal  plasma.** 

Biochemical  studies  of  blood  reveal  no  definite  and 
significant  changes  in  blood  creatinine,  biliruMn,  in¬ 
organic  p«sis)>liate,m  total  aekbsoltilile  phospluite, 
jdiosphate  liliemted  from  ATP  in  the  blood,1*  and 
eateium  (total  or  ionir),**d-m  after  parenteral  intoxi¬ 
cation  with  LDtm  doses  of  II.  On  the  other  hand, 
fairly  consistent  changes  have  lieen  noted  in  plasma 
protein,  NPN,  urea,  chloride,  glucose,  pentose,  cho¬ 
lesterol  (total  and  free),  phospholipids,  fibrinogen, 
phosphor  marine,  phospliopyruvnte,  and  lactic  acid. 
I/*ss  consistently  and  ilefinitely,  alterations  orrurml 
in  blond  pbwphatasc.1*  OVcomhining  power,1 *'-m 
and  the  nlbumin-gloliulin  plasma  protein  ratio 
(A  < t).'7  *4  4*  44  1*  *1*-^'  •*-«'Sa,Rs.s.i*i.ia 

Total  plasma  pnib'in  concent  m*.  km  decreases  in 
fatbits  and  gnats  after  :ikin  application  of  II 7"  but 
after  intravenous  injection  may  increase  in  dogs  and 
eats  within  2' 4  hours, l*,-",w  or  remain  constant  in 
rabbits. '*  An  increase  in  the  volume  and  specific 
gravity  of  thomeir  duet  lymph  is  associatixl  with 
liemoconcentmtion  and  increases!  pniteia  concen¬ 
tration  in  dogs  and  eats  after  intravenous  intoxiea- 
tion.**M"*,,Thc  A  Cl  ratio  does  not  consistently  rluiuge 
in  ruldiits,7-  dogs,  and  eats,**'-,"M  but  dis-mises  in 
goats.7" 

An  alteration  of  the  elect rophorerir  pattern  of 
plasma  bus  lieen  reported.  A  decrease  in  the  albumin 
fraction  and  an  increase  in  tlie  a-glohulin  fraction 
witn  no  consistent,  or  marked  changes  in  the  remain¬ 
ing  globulin  fractions  occurred  in  dogs  severely  in¬ 
toxicated  with  II  by  all  routes  of  administration,  or 
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with  (INI,  IIX2, or  11X3  (only  intravenously  intoxi¬ 
cated  animals  studied).  These  changes  in  tin*  electro¬ 
phoretic  pattern  npjKiir  to  In*  nonsiscific,  lieenttm* 
they  were  present  also  lifter  Imming  and  f  reeling  (Ik* 
skin,  exposure  to  X  rays,  lame  fracture,  and  intra- 
dertnal  injection  of  turpentine.  Tlie  patterns  were 
unlike'  those  seen  in  many  infectious  diseases.4* 

A  rise  in  XPX  (chiefly  urea)  after  parenteral  in¬ 
toxication  usually  occurs  ns  the  animat  grows  weak 
and  loses  Imriy  weight  hut  sotnefimi's  nppenrs  only 
temiinally.,'-  “,'M'' It  ser\*es,  at  least  in  rats  and 
rabbits,  as  a  sensitive  indicator  of  intoxication,  t  :»r- 
relating  well  with  outward  manifestations  id  tox¬ 
icity.15  This  rise  is  not  seen  after  intrnperitoneal  or 
intramuscular  injections  :n  raWats,** 44  or  after  in¬ 
halation  in  rats  15  and  dogs.44 

Plasma  chloride  usually  decreases,  tlie  extent  de¬ 
pending  on  the  dose  and  route  of  administration. 15  ^ 
a.K  isi.iss 

'flic  following  studii's  have  not  lieen  informative: 
bliss)  glucose  levels, ,5  44  ‘,  4“f  44"  '  w'  -"■■4,  ’s  and  oral 
and  intraveniHis  glucose  tolerance  44»'-'  * 

A  threefold  rise  in  blissl  |s>ntose  (Kxairs  in  dogs  30  ■ 
(10  minutes  after  intniperitowal  injivtiim  of  a  supra- 
/,/>*  dose  of  II.  Tlie  rise  is  not  definitely  related  to 
the  increased  hematocrit  or  glucose,  but  |mrullr!s  the 
increase  in  plasma  inorganic  phosphate.  It  is  not 
prrxcntcd  by  three  units  of  insulin  given  intrave¬ 
nously  30  minutes  More  intoxication.4”* •' 

Total  rhok'steml  increased  in  severely  intoxicated 
dogs.4*  It  increased  simultanciHisly  with  an  increase 
in  blissl  XPX  in  mldiits  after  intmvemsts  injectiim, 
and  in  rats  after  intrnperitoneal  injection.”  A  sig¬ 
nificant  prolonged  rise  in  plasma  fibrinogen  is-curred 
in  goats  after  skin  contamination  155  and  in  ruts  and 
dogs  after  intravenous  *»  joctiims.4*  A  striking  corre¬ 
lation  l k> tween  the  increase  in  fibrinogen  juid  ls»th 
free  and  total  cholesterol  has  lss*n  ol served  in  dogs 
after  intravenous  injectiim  and  cutaneous  applica¬ 
tion  of  II.  A  rise  in  plasma  phospholipids  pnmlicli<d 
tlie  rise  in  total  cholesterol.  Tlicse  same  clmnges  is*- 
curr.sl  in  IIXI,  11X2,  and  IIX3  intoxication.4*  A  dc- 
crense  in  phospliiH*rcntinc  and  an  increase  in  pints- 
phopyruvate  ami  lactic  acid  iswircd  in  rats  gassed 
by  exposure  of  only  tlie  Isslv  ”  ami  after  skin  a|ip!i- 
cation.***  The  pll  of  the  Miss!  did  not  dw  go  in 
gassed  d.igs.”  Arterial  oxygen  saturation  fell  to  75  per 
1-1*111  (5  minutes  after  supra-/,/>i«  d.i-es  of  II  jrven 
intravenously  to  dogs  under  I  striatal  anesthesia,  al¬ 
though  tin*  lungs  at  111X1111  were  not  edematous  or 
engorKisl.4*-'  After  gassing,  arterial  oxygen  unsat  i,.-a- 


tiim  can  n'siilt  from  diriTt  respiratory  injury  and 
may  conceivably  lead  to  the  death  of  the  animal.51' 

Dkkixitivk  Httoikh  Basko  ox  (Shush  I’l.Yku  .u. 
Obskrvatioxk 

PnraniimfiathrUr  Xereou *  Sffulrm.  Parasym|>a- 
tlietir  activity  is  Micvod  to  lie  res|nmsihle  for  the 
salivation,  larrimatiim,  miosis,  defecation,  brady¬ 
cardia,  liyisitension,  and  the  early  vomiting  and 
diarrhea  seen  after  II  intoxication.  This  overaetivity 
might  n'siilt  fmm  (I)  inen'asi'd  discharge  in  efTen'lit 
fillers  elicited  redexly  or  by  central  stimulation,  or 
(2)  fn»m  a  direct  action  of  II  on  |H‘riplieral  effectors. 
Kvidonco  for  the  |K>ripheml  net  ion  of  II  is  as  follows: 

(1)  denervation  of  the.  salivary  glands  din's  not  pre¬ 
vent  the  stimulating  action  of  II  on  salivation,"-* 

(2)  atropine,  except,  in  very  large  doses  given  More 
intoxication,  does  not  prevent  ntlivathm,4*‘,-*‘',w' 

(3)  vagotomy  does  not  prevent  bnulyeanlia,  hypo- 

tensiim,  or  tlie  increase  in  motility  of  intestiue  in 
si'/m,4*'1  (4)  miosis,  typical  of  a  general  parasym- 

•  citin' tie  discharge,  may  Ik*  iilwent-,5*  and  (5)  II  re¬ 
versibly  depresses  the  contractility  of  Imtli  the  nor¬ 
mal  and  atropiniied  isolated  frog  heart.1** 

During  II  poisoning  there  is  an  electrical  hyper- 
excitability  of  tlu*  vagus  (muscarinic  effect )  followeil 
by  paralysis  (atrupine-like  effect  ).  In  the  dog  given 
intravenous  II  or  exposed  to  II  vapor,  there  is  a 
marked  depressant  effect  of  II  on  the  heart,  ileereas- 
ing  the  forre  of  contraction  of  Imth  auricles  and  ^ 
ventricles,  and  impairing  A-  V  romhiet i«m,  suflieient ly 
in  sonic  instances  to  posture  partial  A  -V  block.  Tin* 
arterial  blissl  pmwire  slowly  falls  and  the  heart  may 
resume  its  normal  rate.  At  this  stage  or  More,  the 
heart  dcs**  not  respond  *o  strong  vagal  stimulatiim. 
With  nmviilsivc  doses  of  II,  the  blissl  pressure  rises 
during  a  sciturc,  and  falls  again  afterward.  It  de¬ 
rmises  fairly  rapidly  Morr  death.  In  the  nit  at  this 
stage  tlie  intravemms  injectiim  of  a  strong  dose  of 
aei'tyleholine  pnshtei's  a  marked  rise  in  bhsiil  pres* 
sure.  II,  tliercfore,  has  a  ekiir  atropine-like  elTei,t  in 
t!ie  advanced  stage  of  (Masoning.  Tlie  muscarinic 
etTix't  is  clmmctcriscd  in  the  iurlier  stage  when 
atropine  fails  to  antagonitc  the  cfFce*  of  II  and  tlie 
lieart  remains  stowed.  However,  if  atropine  is  in¬ 
jected  in  large  iloses  More  II,  Hm*  muscarinic  cfTcct 
on  tlie  lieart  is  suppressed.’'0*-'"1*'"’* 

It  luidls'cn  postulatixl  that  (lie  action  of  II  oii.'ihl 
Is*  due  to  a  slow  aeetimulatiim  of  acetylcholine  re¬ 
sulting  from  the  inhitiitiou  of  eholinesierasi*  ill  the 
l**ly."'ir,!  llowei'er,thefiu*t  that  atropine  can  alsilish 
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tie*  mrtiinc  slowing  prmhiccd  l»v  the  injection  of 
acetylcholine  ImiI  not  that  produced  l*v  li  intoxira- 
tion  ipmiw  lo  indicate  ‘bat  tin*  slowing  after  II  is 
not  din1 1*>  the  accumulation  of  acetylcholine."0* 

Barbital,  ethyl  uretlmne,  sodium  pcntoliarhital 
(Nenilmtiil).  sodium  amvtal,  ether,  iui«l  so<li«m  bro- 
inide  were  effective  in  eliminating  vomiting  in  dogs 
after  intravenous  II.  Sodium  amvtal  appeared  most 
promising,  for  it  prevented  all  vomiting  with  only 
slight  general  depri>ssion  of  the  animal.-' 

II  stimulates  the  secretory  activity  of  tin*  salivary 
glands  of  dogs  and  eats.  This  is  due  pmlrnbly  to  an 
action  on  the  gland  itself,  inasmuch  as  the  phen<*me- 
non  remains  unaltered  after  section  of  tire  secretory 
nerves.  During  poisoning  there  is  a  hypersensitivity 
of  the  chorda  t.vmpaiii  (a  muscarine-like  offer t)  fol¬ 
lower!  by  a  progressive  paralysis  tan  afrrrpine-like 
effect).-'  '  ""s 

II  injected  suliciitancnusly  in  a  wide  range  of  rhrses 
stimulates  the  srarction  rtf  gastric  juice  in  conscious 
dogs.  Since  essentially  the  same  res|Kinsr*  iseliciterl  in 
animals  with  no  vagal  supply  to  the  stomach  ( I  leiden- 
hnin  innicli  dogs)  as  in  animals  with  a  vagal  supply 
(Pavlov  |sHieh  rings),  the  stimulation  is  more  pmls- 
ably  rht“  to  a  direct  stimulation  of  the  secretory  cells 
via  tl  .•irrulation  than  to  reflex  excitation  thn«igh 
the  vagus."**  II  (and  11X2-11(1)  produce  secretions 
from  the  cannulated  stomach  and  duodenum  of  de¬ 
capitated  and  diferebniterl  cats.  Tliese  were  trite 
secretions  and  not  transudates  anrl,  when  nn-e 
startrsl,  could  not  lie  prevonti-d  but  mendv  rerlurssl 
mirl  made  more  viscous  by  large  <losr*s  of  atropine.7* 
Direct  application  of  II  to  the  gastric  mucosa  of  rings 
with  ileidenhniu  pouehr>s  depressed  acid  street  ion 
but  increased  the  volume  of  f^’ld."*1'  This  flow  was 
not  copious  nor  continuous  and  so  did  not  resemble 
the  flow  of  intestinal  secretion  olinorvod  after  direct 
application  of  II  to  tlie  intestinal  mucosa.''-*  Tltis 
circumstance  suggest*  the  possibility  that  the  stimu¬ 
lation  of  gast  rie  secret  ion  after  parenteral  injection 
may  not  lie  due  to  II  itself,  but  indirectly  to  some 
eentiel  of  II  intoxication.1""'  Histamine  has  turn  sug¬ 
gested. 

Tin*  increase  in  the  external  seemtion  of  tlie  pan- 
erra*,  starting  almtit  tin*  sum*  time  as  salivation  in 
eats  and  dogs  (mirier  ether  or  ehloralose  ancstlmsia) 
after  tin*  subcutaneous  administration  of  II,  was  not 
antagonized  by  atropine,  given  ls-for  -  or  after  in- 
toxiratinn.  '**  \  detailed  (|iiantitative  stmiv  in  do*s 
under  different  eotiditiotis  (after  ligation  of  tlie 
pyloric  valve  or  tlie  common  bile  duet,  or  after  sec¬ 


tion  ol  the  cervical  vagi)  suggests  that  this  response 
may  lie  due  to  Isitli  an  indirect  action  through 
secretin,  and  a  direct  action  of  It  on  the  gland 
erdls.""h"’* 

II,  unlike  tin*  parasympathomimetic  drugs,  pil*- 
eartiine,  (•serine,  ami  acetylcholine,  fails  to  inereasr> 
the  secretion  of  bilr».*4  l*"h  However,  it  directly 
stiinutatea  contractions  of  tin*  gall  bliulder  resulting 
in  discharge  of  bilc."M,‘  '"* 

A  stimulation  of  secretion  from  the  small  inti's' me 
was  produced  l»v  parenteral  injections 5*"*»  or  direct 
application  "**  of  II  to  the  intestinal  mucosa  of  eats 
and  dogs.  This  secretion  was  i|unlitativ>dy  different 
from  that  obtained  from  normal  animals;  it  was  pink, 
turf iid,  islorless,  bail  a  low  ehlo.ide  and  protein  con¬ 
tent,  little  or  no  buffering  |Miwcr,  and  only  a  small 
amount  of  diastase  activity.  Thus  it  was  dillicult  to 
ascertain  whether  this  was  a  tm«  secretion  of  the 
mucosa  or  simply  a  transudate  resulting  from  an  in¬ 
creased  permeability  of  the  mucosa."** 

Use  motility  of  isolated  hs*ps  of  dog  small  in¬ 
testine  with  or  without  vagal  connections  is  in¬ 
creased."**  Intestinal  motility  pnxlnced  by  vagal 
stimulation  is  gradually  depressed.  However,  II  dues 
not  alter  the  response  of  segments  of  rat  jejunum  to 
pilocarpine,  adrenalin,  and  atropine  milled  lo  the 
suspension  liaths.**'  After  direct  application  of  II  in 
sublethal  iloses.  the  motility  of  isolated  loo|>s  of  in¬ 
testine  may  lie  initially  depresse  I,  then  stimulati-d,""* 
or  initially  stimulated  and  then  depressed,"-’  gnuhi- 
ally  returning  to  normal  in  either  rase. 

Water  mat  Elrrtrolfftr  MrtnMmn.  Tlie  early  olwor- 
v:i t ions  that  II  has  a  marked  effort  on  water  and 
electrolyte  mctalsilism  in  the  ting 1,7  have  lieen  eon- V 
firmed  recently.’7 ■-rh  In  dogs  given  i  mg  kg  of  II 
intrnx  cnously,  a  negative  water  (winner  arcom|ianinl 
by  inrreaseil  intake  appeared  during  the  first  2  i  hours 
and  continued  until  death  on  the  third  or  fourth  day. 
Tissue  water  content  did  not  change,  and  the  de¬ 
creased  senim  eliluriile  and  (  'Or-eombining  |»ower  :n- 
dirated  that  severe  diarrhea  rather  than  vomiting 
was  tin*  chief  factor  in  the  dehydration.-' 

When  elimination  of  wall  r  and  electrolyte  loss 
from  thelsrtvel  was  at  tempted  bv  (Kirtial  rntereetoinv 
in  tasting  dogs*  tin*  su1*u(:wmshis  injcr'inii  of  2  1 
/./)  ^.doses  of  *|  resulted  in  tl )  a  tv!  cut  ion  of  water 
without  chloride  during  tin*  first  21-hour  itcriod, 
'.o!!:nvis|  bv  (2l  the  excretion  of  approximately  tlie 
sun*-  volume  of  extra  water  during  tin*  jssstnd  21- 

*  Hemuvnl  d  small  inlwiinc  from  ofn’tiiu*  of  pinrri^iiir 
<li|p(  in  (Is1  il'liNlemilii  to  (Is*  ilisiwrnl  v:ilve.. 
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tumr  |x*riisl.  This  cyclic  upset  of  water  balance  was 
not  dependent  upon  an  increased  intake  of  water,  ami 
was  not  due  t.»  retention  of  extra  water  oxemight  in 
the  stomach  or  colon  a*  a  result  of  interference  with 
their  functions  l»v  II.  An  increased  rate  of  weight 
loss,  increase  in  nitrogen  and  chloride  excretion,  and 
a  negative  fluid  Imlnnro  were  presrnt  only  when 
diarrhea  and  vomiting  occurred  (in  3  7  dogs),  sug- 
gesting  that  the  factor  of  prime  importance  in  weight 
hiss  after  II  is  the  loss  of  fluid  from  the  Ixiwel,  rather 
than  an  increased  tissue  ratalmlism.1"*'  In  this  study 
no  account  was  taken  of  the  possible  role  of  the 
kidney  which  others  have  considered  significant  in 
intoxication  by  the  d-chlnroethvl  vesicants.  (Six* 
”S|x*eial  Studies  on  11X3  Intoxication,”  Section 
22.fi.  I.) 

In  rats  given  an  iiitra|M*ritniienl  injection  of  II  and 
in  rabbits  given  II  intravenously,  urine  uric  acid  and 
creatinine  excretion  were  normal.  The  total  nitrogen 
remained  normal  or  showed  a  slight  increase  despite 
the  murki-d  fall  in  food  intake,  indicating  cnltnnm! 
endogenous  catalsilisin  of  protein.  Trine  XPX 
(chiefly  urea)  decreased,  the  low  point  in  urea  coin¬ 
ciding  with  the  peak  in  bliss)  XPX  (chiefly  urea). 
The  undetermined  nitrogen  increased  at  the  expense 
of  the  urea  friction  and  was  not  due  to  ammonia 
excretion.  Then*  was  an  increase  in  inorganic  phos¬ 
phate,  but  chloride  fluctuated.  A  phenol  red  exen’tion 
test  indicated  an  impairment  of  n*nal  function  by  the 
thin!  day  and  corn*lat«*d  well  with  toxic  symptoms. 

..i  rabbits  given  a  sul*-/,/t.„  dose  of  II  cutaneouslv, 
the  urine  urea  output  incn*uscd  markedly,  associated 
with  an  increased  bhssl  urea,  but  n*mained  constant 
in  fasting  normal  animals.  The  increased  output  was 
asHeiatcd  w illi  a  <k*c reused  urine  voIiuim*.  'Hie  errati- 
nine  output ,  remaining*  constant  in  fasting  normal 
animals,  rose  slightly  foi  tlie  first  2  ilavs  after  in¬ 
toxication,  then  fell  along  with  Ixxly  weight.  Micro¬ 
scopic  examination  revealed  no  kidney  damage/" 

'Hie  intravenous  injection  of  urea  (I  g  kg)  soon 
after  the  skin  application  of  II  to  dogs  under  sodium 
Inirbital  anestlM*sia  products!  diuresis  resulting  in 
nultydrcmiu  and  hctn<N*nnrcnt ration  with  no  ap¬ 
preciable  change  in  the  hlotid  pressun*,  or  in  excre¬ 
tion,  plasma  level,  or  clearance  of  urea..  loiter,  as  the 
circulatory  system  faileil  and  the  blood  pn*ssun*  de¬ 
creased,  a  similar  injection  of  urea  rcsultisl  in  oliguria 
with  a  rise  in  plasma  urea  and  a  decrease  in  the  urea 
rlcaranct .  It  isapixirent  from  the  alxivc  experiments 
that  <ip  to  a  certain  limit  rcn.nl  function  after  II  in¬ 
toxication  is  norma!.  However,  even  though  the 


IiIikkI  pressun*  does  not  fall,  ill  moderate  degree-  of 
hcmnctmccnt ration  the  kidney  in  II  intoxication  ap- 
|K*an»  to  lie  less  capable  of  eliminating  increased 
amounts  of  urea  than  under  nomuil  conditions.  This 
suggi*sts  a  partial  failure  of  |M*ripheral  circulation 
with  a  normal  blrxxl  pressun*.1" 

A  significant  decrease  in  plasma  volume  has  U-cn 
olrserved  in  goats  and  raMrits  alter  cutaneous  intoxi¬ 
cation  by  U) ^  doses  of  II/"M  In  dogs,  after  intra¬ 
venous  injection,  total  erytlimeyte  volume  was  re- 
duecd  although  plasma  volume  remained  normal. vl’ 

Fnim  urine  and  IiIinmI  studies  and  gn>*s  clinical 
oliscrvutions,  it  is  evident  that  after  parenteral  in- 
toxieation  with  IJ);M  doses  of  II,  exsiccation  and 
oligemia  occur  after  the  aeeotid  or  third  day  when  loss 
of  electrolytes  and  water  in  tliedinrrheicsbxil,  votni- 
t ns,  atul  urine  and  or  accumulation  of  fluid  in  the 
stotnaeli  and  intestines  have  reached  severe  propor¬ 
tions.  It  is  possible  that  loss  of  plasma  protein  ill  the 
stool  contributes  to  the  exsiccation.* 

In  H-gasscd  dogs,  urine  analysis  revealed  onlv 
slight  alterations  in  volume,  spciifir  gnivity,  sugar, 
alhtunin,  cli'oridc,  ti*  ratable  aridity,  total  nitrogen, 
urea,  ammonia,  anil  creatinine.  A  phenol  nil  excre¬ 
tion  test  was  normal.*4  In  rats  rx|xiscd  to  II  vapor 
(laxly  only!,  a  parallel  increase  in  excretion  of  in¬ 
organic  phosphate  mid  total  nitrogen  occurred,  sug¬ 
gesting  in  this  instance  an  intracellular  origin  ol 
nil  rogen.*"*’ 

Propiivlaxp  A Xll  Tiikrapv  ok  Svstkmh* 

I.NTO.MCATIOX 

Pmplivlaetie  and  theni|M‘titic  pnx*cdnn*s  aimrsl  at 
tin*  reduction  of  mortality  mid  tlie  prevention  or 
alleviation  of  systemic  symptoms  duo  to  II  have  on 
tlx*  whole  lxx*n  unsuccessful.  Mortality  was  not  af¬ 
fected  by  the  following  pr«x*cdures  initiate**!  lx*lote 
intoxication:  atropine,  esi»riiie,  and  ascorMe  acid  in¬ 
jected  siilx’otancnosly  prior  to  the  Milx-utancou*  in- 
jection  of  II ;  "***  and  <*ertain  compounds  with  high 
com|x*tition  factors  (sec  ( 'haptcr  10)  as  well  as  .*thi*r 
eomixmiids,  many  containing  sulfur,  injected  intra- 
peritoneallv  immediately  prior  to  ciitane'Mis  applica¬ 
tion  of  LI)-*,  or  greater  doses  of  ll.1"’*'  'n  "**  How¬ 
ever  rtalily  wa«  reduced  by  the  intrajxTitoiieal 
injection  of  crude  Mot  in  **■  mid  eerlain  eoni|xwinds 
with  high  fnni|K>titioii  factors  immediately  Ix-foiv 
cntanetHis  application  of  li.  Adiniliistiatiou  of  crude 
biotin  2  hours  lx*fon*eontaniination  pnxlurrdn  slight 
reiluction  in  mortality  which  was  not  apparent  when 
pun*  crystalline  biotin  was*  usil  in  pirns*  of  the  crude 
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preparation.  Tlii?1  circumstance  have  reKiilt***! 
from  a  lienrficinl  effect  of  an  impurity  in  the  ennk* 
material.*11*  A  40  per  rent  reduction  of  mortality  at¬ 
tended  the  prophylactic  line  of  sodium  monocthiinc 
dithiuphoMphofiute,  fHitussium  dietfivl  dithiophns- 
phate,  |mtassium  diethane  dithiophosphonate,  Itexa- 
niethvh'netetnimine  flIMT),  sodium  thiosulfate, and 
|Mitiis«ium  thHuifrlate.'"  * 

Many  pewedures  initiated  after  intoxication  have 
not  affected  mortality.  Fluids,  Imlanced  wilt  and 
sugar  intrav*  ..aialy  and  snlicutancotisly,  or  the 
intravenous  infusion  of  amino  wills'*  did  not  n*- 
duee  tlie  mortality  or  otherwise  affect  systemic 
symptoms  in  does  due  to  the  intravenous  injection  of 
or  greater  doses  of  II.  Atropine  in  large  single 
or  rrpeated  doses  injee'ed  into  ruts,  rabliits,  guinea 
pigs,  nits,  and  goats  after  nmtamination  with  or  in- 
jeetion  of  II  (or  11X2)  failed  sjgnificnn'V  *«  intluem-e 
mortality,  although  survival  time  increased.*  MAI, 
given  intmpcritoneally  to  rutstl  hours  after  tlie  intra- 
venous  injection  of  II  aetunlly  enhanced  the  toxicity 
instead  of  exerting  any  protective  action.81'  Other 
eheinieal  compounds  including  some  with  high  eom- 
petition  factors  had  only  a  vety  slight  effi'et  on 
mortality  when  injected  intravenously  or  intraperi- 
t  on  tally  0  5  minutes  after  cutaneous  application  of 
I  2  LI) i.  doses  of  II.*,  W 

ls*tico|M*nia,  likewise,  has  not  yichl'xl  to  prophylac¬ 
tic  or  ilienipeotic  procedure*.  Pent nucleot ale  is  in- 
cfTi'clivc.'"  Maldrtts  were  not  protected  from  tlie 
IcticotirxH*  effect  of  an  intraveroais  injection  of  II  by 
the  following  siil*stanccs  given  intravenously  3  days 
licfnrc  intoxication:  liver  extract,  morpholine  deriva¬ 
tive  of  II.  thiisliglvcol,  amino  ilerivatives  of  II, 
thiourea  addition  product  of  II,  half  xanthate  of  II. 
|»>tassium  tlixantliate  deriv*  ives  of  II,  sulfonium 
salt  of  II,  sodium  diotliylditlii«M*arl«imate,  sodium 
bisulfate,  sodium  sulfide  (alone  or  after  sodium 
nitrite),  sodium  hisulfiU ,  thiourea,  zinc  thiocyanate, 
ii|s»id-rich  scrum  globulin  fraction,  urotnipine,  and 
sulfanilamide.8**'-'’ 

In  dugs  i»ito\irntcd  intravenously  by  /,/>,•  or 
greater  doses  of  ||,  tls*  hv|sitcnsion  which  develops  I 
was  only  temporarily  improved  tty  the  intravenous 
injection  of  pit  nit  tin  and  large  amounts  of  adrrna- 
lin.'*-1 1  * 

Xeitlier  weiglit  loss  nor  diarrhea  were  affected  ov 

A  met*  on-  ••(  -vnlfictir  amitm  arid-  1  •  '■  and  Aniip  n 
(an  cli/xtir.llir  r»«riii  liy«lmlv--ilr)  ur  an  arid  Ic  drnty-i- 
aliim:d  Ow"iH'  nirr  usil.  XiniKi-ti  may  ai  til.iay  innvn«r 
and  I  lie  irmlciirv  <*f  ttsii»|wnia. * 


tls*  sulsMituniiMis  administration  of  adrenal  cortical 
extract,  di*soxycort icostcrotie  acetate,  or  ascuritie 
will  in  rats  contaminated  with  /,/>».  dust's  of  II."* 

In  certain  speeies  (guinea  pigs,  rats,  and  goats),  . 
atropine  in  large  singh*  and  repeated  doses  reduced 
the  weight  loss  after  It  and  11X2, 1'sfieeinlly  II,  but 
did  not  alter  hemoroncentration,  letieo|ieiii",  or 
mortality.  Diartiuii  in  cats  and  goats  was  not  pre¬ 
vented  by  coiitintnxl  at  ropinizatiiHi.*  Other  attempts 
to  eliminate  systemic  symptoms  liclicvixl  to  lie  due 
to  overwtivity  of  the  |mmsymputhetir  nervous 
system  have  already  lieen  dcscrilicd  alsive  under 
"Definitive  Studii>s  Based  on  dross  Clinical  Olwcr- 
vations.” 

Mikckixankois  Stvoiks 

Orrlnniim  Li  fieri  turn! *.  Oeeliision  of  the  IiIihmI 
supply  to  various  organs  may  prevent  injury  by  II 
to  the  tissues  involved.  In  the  raMrit,  occlusion  of  the 
aUlonmml  aorta  and  a  mesenteric  artery  during  anil 
tor  la  minutes  following  the  intravenous  injection 
of  I  mg  kg  of  II  dissolved  in  pnipyWie  glycol  pro¬ 
tected  the  femoral  marrow  and  tha1.  portion  of  tlie 
ileum  supplied  by  the  elam|Nil  vessel  against  the 
action  of  II. 8,1  The  results  in  tlie  rabbit  show  tliat 
tin*  action  of  II  is  rapidly  completes  1  after  injection. 
Xo  support  is  apparent  in  these  experiments  for  the 
prolonged  circulation  of  derivatives  of  II  wliieh  might, 
aet  over  long periiHlsaml  thus  weiNint  lor  the  delayed 
apjieaniniT  of  some  lesions. 

In  tin*  rat,  partial  protection  was  affonled  tlie 
frmoral  marrow  against  a  dose  of  I  mg  kg  by  oechl- 
sion  of  tlie  nlslominal  aorta  iluring  and  for  la  minutes 
following  the  intraveniais  injection  of  a  solution  of  II 
in  propylene  glvcot.  Tliis  prt  millin'  was  ineffective 
against  a  dose  i  f  2  mg  kg  of  tlie  same  solution.  Oc¬ 
clusion  for  fieriods  up  to  IX)  minutes  did  not  protect 
the  femoral  marrow  against  a  solution  of  II  in  tluo- 
diglycol  at  doses  of  I  and  2  mg  kg.rw,  v,ia:’  The  failure 
ol  occlusion  to  protect  against  the  solution  of  II  in 
thiisliglvcol  is  unexplained. 

Tlie  successful  protection  by  net  losion  depends  on 
tlie  time  during  which  II  circulates  in  n  fn*e  farm  in 
tin*  lihssl.  In  the  intact  animal,  presuming  a  Ihmim- 
Siihxnis  solution  of  il  in  the  ldoori,  tlie  disa|i|Miiraiice 
of  I!  is  measured  by  1 1 1  its  react  i:rti  with  water  and 
oilier  constituents  of  tlie  IiIinmI,  and  (2)  its  diffn-ion 
out  of  tlie  hi  tod.  Heart  inti  I  has  lieen  measured  in 
rilrn  and  found  to  vaiy  with  the  ~  in 

raM  lit  blood,  in  rilrn,  the  half  life  of  II  at  37  ('is  II 
minut<*s.:'  Tlie  half-life  in  r/wiis  certainly  less  than 
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1 1  minut«>*,  xinco  II  is  disappearing  ax  a  ronseqiwncc 
•if  reaction  2  ax  aril  as  <4  reaction  I . 

Efifrt  of  hi’tfmia  on  Sureinal  Time,  Lipemin  fol¬ 
lowing  ingot  iim  of  olive  oil  3  Inmrx  lief  ore  intoxica¬ 
tion  liv  /./>■«  doxrx  of  If  sulwutnocraisly  or  Intrave¬ 
nously  may  Imxtcn  death  in  rabbits.**' 

CidloiilalOolil  Curve  of  Cerrbro*/tinal  Fluid.  Typical 
human  tals'tic  colloidal  gold  curves  of  ccrelimxpinal 
fluid  (rystcmnl  puncture  at  3  hours,  72  Issirs,  and  7 
•lays)  were  ohti,uvd  in  fonts  gassed  at  L(Ct)im  doses 
«'l  —  2,520  mg  min  m*,  /  *  3  hours)  of  II  indiratine 
posxiNe  involvement  of  tlie  central  nervous  system. 
KalilHt  runes  were  altered,  Isit  less  typically.*1 
T i**ue  A  nali/xe *  and  Weight  of  Organ*.  In  male  rats 
eiven  xul»-/./>i«  doses  of  II  eutnneouxlv,  the  ascorbic 
acid  content  of  the  adrenal  elands  decreased  and 
liver  ehituthioric  increased,  no  clinnee  iretirrine  in 
liver  and  spleen  ascorbic  acid,  or  adrenal  and  spleen 
glutathione.**  In  the  rat  after  intravenous  injection, 
adrenal  ascorbic  acid  did  not.  change,  hut  total 
cholesterol  decriiised  witli  a  marked  increase  in  tlw* 
|wr  lent  of  fne  cholesterol.**  (See  Section  22.5.1  for 
detailed  analyses  of  adrenals  after  II  intoxication.) 
In  the  nit  after  intmveroiis  injection  of  II  (also  1 1 X I , 
IIX2,  or  IIX3)  there  was  noeluuigc  in  liver  lipids  and 
pn (thrombin  time,  hut  liver  glycogen  increased.  In 
ilnp  dotting  times  were  not  constant.**  There  is  no 
•lecrcnso  in  the  acid-soluble  phosphate  of  skeletal 
muscle  on  the  first  day  sifter  gassing,  and  a  small  lutt 
significant  ilecrease  on  the  third  day  **••**•  in  nits 
gaxsed  at  a  ft  of  7,500  mg  min  m*,  f.isted  from  2t)  22 
Ikhiis  Iwforehand.  and  given  no  food  hut  water  ad 
libitum.  Fort  tier  analysis  ot  muscle  on  tlie  first  or 
third  day  after  gassing  (animals  given  pentoliarl>ital 
anesthesja  prior  to  killings  - bowed  no  cliange  in  total 
glycogen  or  inorganic  phosphate.  Plmspliorrmtirw 
mid  readily  hydrolyzable  phosphate  were  tinehangisl 
•hi  tlw  first  day,  tlwn  •l«>rrcn*rd  on  the  third  day. 
Lactic  acid  changes  were  indefinite.*1*  Total  Lsly 
protein,  XPX,  .•arlmhvdn.te,  nctitnil  fat,  a-h,  and 
wat  -  were  not  selectively  d<*plctcd  :a  rats  dying  XI 
hours  after  intoxication  by  suls-iitancoux  II,  although 
laxly  weight  was  reduced.1**  Tlie  weight  of  the  gnstnr- 
intestiual  tract  of  fasted  rats  on  the  third  day  after 
lash  -only  c\|**siirc  to  II  vapor  was  gnxiter  than  that 
of  fasting  normal  animals.5*1'  '  llolh  gnMips  showed 
the  same  •lerrease  in  total  laaly  weight,  weight  of 
liver,  heart,  splien,  kidneys,  and  muscle  on  the  first 
and  thinl  days.  Hrnin  weight  did  not  change.'*'' 
Sni*ihzati<m  to  II.  Xo  sensitization  to  II,  ns  judged 
bv  mortality,  laalv  weight  loss,  and  pathology,  re¬ 


sulted  from  tlw  repealed  intravenous  injection*  in 
dogs  of  from  0.05  0.5  mg  kg  of  II,  2  5  times  at 
30-day  intervals.***  Hats  did  not  develop  a  greater 
tolerance  or  an  increased  sensitivity  to  II  after 
several  weeks  .»!  ilaily  ingestion.11* 

Ejlrrt  of  II  on  M ngne*ium-Scn*itized  Animal*. 
Sulxinesthctie  doses  of  magnesium  (lit)  mg  kg),  or  of 
manganese  and  calcium,  potentiate  tlw  toxic  action 
of  an  LDu,  dose  of  II  xnlwotunciMixly  in  mi  x%  similar 
to  the  action  of  magnesium  on  adenine  nucleotide 
toxicity  and  traumatic  injury.  Oiw  ml  of  plasma  re¬ 
moved  from  H-intoxicateil  dogs  at  frequent  intervals 
after  intoxication  and  injected  into  mice  sensitized 
with  magnesium  produced  ihi'iv  occasional  deaths. 
Hither  the  dose  was  ton  small  or  breakdown  of  the 
toxic  mmimund  was  too  rapid.471'  Tlw  serum  of  rats 
and  rabbits  intoxicated  with  II  contains  no  factor 
which  inliiliitx  the  oxygen  consumption  of  Tnn*t>m~ 
xt.nin  eg  a  i /Minium,  indicating  the  alisence  of  histone 
iMsiit1*  (the  toxic  proteins  lilwmted  by  the  breakdown 
of  mirk'opmteins)  and  protnmin•,a.,:  l,'l 

Elimination  of  Bile  from  Intrxtine.  Elimination  of 
bile  from  the  intestine  by  producing  n  biliary  fistula 
did  not  prevent  tlw  development  of  gastrointestinal 
congestion  and  Iwmorrhage,  diarrlwa,  or  leueo|wnia 
after  xuIwutaiwiHis  injection  of  LI)*,  doses  in  dogs, 
nildsts,  and  goats.*' 

EjTert  of  Diet.  Varying  tlw  fat  content  of  tlw  diet 
did  not  alter  the  mortality  or  clinical  symptoms  in 
rats  receiving  lethal  or  sublet  lull  doses  of  II  mixed 
with  their  food.'7* 

EjTrrt  if  Climate  on  Toriritg.  The  symptomatology 
and  survival  time  of  mice  after  sulwtitanctMis  ad¬ 
ministration  of  II  w civ  not  affected  by  alteration  of 
lempom*iirr  and  humidity  during  the  |H*ri«sl  ,«»f 
intoxication.'1' 

Ca/iillan /  Pn  nimbi  I  it g.  II  was  fiHind  to  Is*  a 
lymphogngtic  of  tlw  fir*t  class,  musing  an  incntise  in 
lymph  How  from  tlw  thoracic  duct  in  d«•gs.'',*  How¬ 
ever,  tlw  rate  of  dixap|wamncr  of  Evans  blue  dye 
from  tlw  IiIinnI  was  decreased,  suggesting  a  d«*crease 
in  tlw  loss  of  albumin.**’  An  increase  in  |wrtnrnhility 
of  the  capillaries  of  the  small  intmtinc  of  the  rat  to 
trv|mn  blue  has  bin  suggested  since  the  intestines 
were  more  deeply  stained  with  this  dye  than  were 
other  organs  or  those  of  normal  animals.1-’’  A  «.ipil- 
lary  iwrmcability  factor,  Iwlievixl  not  to  Is*  histamine, 
but  identical  with  or  .  tmilar  to  the  leukotaxirw  is»r- 
laterl  by  Menkin  from  nnnve*iraiit  inllainiuatory 
exudates,  has  ls*on  isolated  from  vesicant  blister 
fluids  produced  by  II  (and  l!X2i  and  from  the  pr«st- 
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Tanmc  2.  Hysleinle  effect*  ih  ml*  of  /./>;„  <lm»c*  of  II. 

Thenr  dal*  an*  an  a  vernier  <4  data  reported  in  detail." Thi«  aliiireviaUon*  Iv,  *r,  mil,  and  gas  rrpn-srni  Intravenous,  mile 
cutaneous,  rulamstu*  application,  and  exposure  of  the  tritule  Istdy  in  the  vapor,  respectively.  In  (hr  case*  of  intravenous 
nml  milmitMvniM  administration,  I  hr  II  was  diwilvnl  in  propylene  tlvnil. 
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nets  obtained  by  im-ulmting  plasma  anil  scrum  with 
II.**  Of  interest  in  this  connection  is  the  oltservation 
that  leukotaxino,  which  in  rapidly  destroyed  l»y 
normal  serum,  is  not- destroyed  hy  serum  from  rnhhits 
after  either  skin  contamination  with  II  or  lliermai 
Imming.’"  A  capillmy  permeability  factor  has  licon 
demonstrated  in  mhhit  corneas  20  24  hours  aftcrex- 
posnre  to  liquid  II.1*  II  increases  the  permeability  to 
dyes  of  the  salivary  glands  and  pancreas  hut  not  of 
the  rhomid  plexus  and  meninges,  resulting  in  the 
elimination  of  indigo  carmine  via  the  saliva  and 
pancreatic  juice. 

Crtmr-7  raiixf union  Krperitiiriih.  Cross-transfusion 
experiments  have  provided  no  evidence  for  a  circulat¬ 
ing  toxic  principle  early  after  intoxication.  A  normal 
dog  was  crtMt-rimilatcd  with  an  intoxicated  dog  30 
minutes  after  rec-iving  a  supm -Lthm  dose  of  If  in- 
trapcritoncnlly  when  all  trace*  of  II  had  disappeared 
from  the  hlood.  In  every  instance,  the  cross-circu¬ 
lated  normni  animal  survived  while  the  injected 
animal  died.*™ 

22.2.2  Systemic  I’athotogy  of  II  Intoxication 

The  pathologic  changes  which  result  from  the 
systemic  action  of  !l  co».  ist  of  the  following T 

1.  Injury  to  tin*  intestinal  tract,  primarily  the 
small  intestine,  consisting  of  destruction  of  the 
mucosa  with  desquamation  and  noenrds  of  tlie 
cpitltclium,  and  hemorrhage  in  extreme  cases. 

2.  Injun-  to  the  lame  marrow,  with  depletion  of 
the  granulocytic  scries  and  degenerative  changes  in 
•  Is-  tiH-gakaiyu-yfts,  culminating  in  apla«m. 

.'I.  lymphatic  tissue  injury  consisting  of  frag¬ 
mentation  of  lymphoid  cells  in  the  spleen  witli 
phagtn-yto-is  ol  chromatin  particles  ami  cellular 


•  III  nitdition  In  these  lesion*.  tls-n-  may  tie  added  Iruoo. 
(iriiia  ami  weight  '•*.«.  Imth  of  v. Iiirli  have  U-cn  ron-itlm-d 
earlier  in  tlii-  chapter. 


depletion  of  tin*  sinuses,  and  cytolysis  of  tin*  lymphoid 
eells  of  the  thymus  and  interstitial  tissue. 

TIm'hc  lesions  were  recognized  hy  the  investigators 
of  World  War  I,  lull  their  origin  and  interpretation 
hy  the  early  workers  differs  somewhat  from  piesent 
•-,eas.  There  is  no  reason  to  supposr  that  injury  to 
the  tenet ihlostie  organs  is  lethal  in  itsell,  although 
leueopenia  may  lie  considered  an  unfavorable  prog¬ 
nostic  sign  I  particularly  in  man)  and  it  possibly 
weakens  tl»e  organism's  defense  against  infection. 
The  cause  of  weight  loss,  whieh  usually  lepiesents 
tlie  most  severe  lesion,  is  not  completely  explained, 
and  it  has  la-on  shown  repeatedly  that  anorexia  con¬ 
tributes  to,  lait  does  not  entirely  nerount  for,  weight 
loss.  Tlie  available  evidence  points  to  flic  infest innl 
lesion  as  highly  significant  in  causing  death.  Vomiting 
and  diarrhea,  hy  flic  consequent  loss  of  electrolytes, 
water  am!  protein,  can  lead  to  pmgn-iMvi*  exsiccation 
and  oligemia.  The  latter  in  turn  can  precipitate 
circulatory  failure,  and  death  results  from  medullary 
asphyxia  or  |sissiblc  canliae  failure.  The  earlier  view 
that  enteritis  was  secomlary  to  neurogenic  injury  or 
possililc  haul  irritation  has  lieen  nlmndoncd  in  favor 
ot  a  local  cytotoxic  action.  Tlie  latter  pn*sumably 
accounts  for  myeloid  injury  and  undoubtedly  will  la* 
shown  to  la*  tlie  ultimate  cause  of  weight  loss.  How¬ 
ever,  tin*  pri'senee  of  oilier  lesions  of  lethal  magnitude 
in  l.l)M  doses  of  intoxication  an*  not  certainly  ex¬ 
cluded. 

Tlie  literature  on  tin*  systemic  action  of  II  up  to 
August  I,  ISIS  *  and  on  tin*  cytotoxic  action  of  II 11 
lias  lam  reviewed.  Additional  rc)mrts concerned  with 
the  systemic  |mfho|ogy  an*  available.4* 

For  pr*ahicing  visible  systemic  injury  in  rats,  II  is 
superior  at  Ll)u>  dom*s  to  t Ih*  other  d^*hlona*thyl 
v**sicants  HIM,  MN2,  and  11X3)  when  admiti- 
istcreri  intravemsislv  or  sulieiituncously.  However, 
the  systemic  injury  which  follows  cutaneous  applica¬ 
tion  and  gassing  is  relatively  mild.  Tabic  2 shows  the 
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intensity  <H  total  svstemie  injury  nn<l  of  individual 
lesions  in  tin*  rat  following  l.l)*  doses. 

In  the  rat  at  sol v-l,l)M  doses,  no  lesions  were  ol»- 
scrved  following  skin  application  except  a  mild  weight 
loss,  and  after  intravenous  administration  lesions 
were  infrequent  and  generally  mild.  However,  fol¬ 
lowing  sulH'utaneouH  injection,  the  lesions  wen*  only 
moderately  reduced  com  parrs!  to  those  following  UK,, 
doses.  Lymphoid  atrophy  was  mild,  myeloid  injury 
moderate,  leucopenin  severe,  and  enteritis  and  weight 
loss  moderate. 

In  in<  ravenously  intoxicated  animals,  lung  damage 
has  !a*cn  report'd  by  investigators  of  Itoth  World 
Wars.  Following  intravenous  injection  of  a  solution 
of  II  in  either  propylene  glycol  or  thiodiglyeol,  the 
lung  injury  involves  diffuse  pulmonary  congestion 
and  edema,  Imt  when  neat  II  is  gi\en  rapidly,  graver 
necrotizing  and  hemorrliagie  lesions  ensue.?,,,  Pul¬ 
monary  injure  is  not  typical  of  all  parenteral  naites 
of  administration,  and  it  seems  apparent  from  the 
experiments  quoted  almve  that  lung  injury  occurs  as 
a  result  of  the  localization  of  particulate  II  in  the 
intlmonnry  capillary  lied. 

Hemorrhagic  lesions  in  tl»e  stomach  have  lireti  ie- 
ported  |»y  some  investigators,  hut  generally  under 
conditions  where  oral  contamination  may  have  oc¬ 
curred.*  5,1 

Among  the  dogs  which  died  in  a  shock-like  condi¬ 
tion  following  the  skin  application  <»f  a  solution  <»f  H 
in  motor  oil,  significant  svstemic  lesions  failed  to  de¬ 
velop.  The  <mly  pat  hologic  oliscrvntiotis  were  modcr- 
ate  splenic  necrosis  in  2  1 1  animals  and  ItcmogloMn 
casts  in  tlie  renal  till  sties  in  3  II.  Red  cells  were 
found  in  the  tubules  in  one  and  in  the  capsular  spaces 
of  the  glomeruli  in  another.  Fatty  changes  were 
present  in  the  ttilmlnr  et*»’  helium,  firing  severe  in  the 
distal  portion  of  the  convoluted  tulmles.*7 

K.M  Some  Observation*  on  Human 
Intoxication 

A  review  of  (lie  evidence  from  soldiers  gassed  or 
burned  by  II  in  World  War  I  indi«*ates  flint  essen¬ 
tially  the  same  systemic  effects  as  seen  in  experi¬ 
mental  animals  were  present  in  vatving  degrees.*-” 
Vo.iiiting,  ap|M<arit!g  shortly  after  exjmsurr,  is  in¬ 
variably  present  after  intoxication  by  mild  doses 
However,  more  delayed  gastrointestinal  distort  wners, 
namely  anorexia,  epigastric  pain,  persist »-nt  gastric 
intoleram-e,  const  ipat  ion,  or,  in  more  seven*  cases, 
dinrrlim,  which  recur  in  m.rny  clinical  descriptions, 
dc|s  ud  on  tin*  severity  of  injur;/  from  gassing  or  skin 


contamination.  Anorexia  ami  gastric  intolerance  may 
extend  over  a  fieri od  of  months,  leading  to  extreme 
cachexia  and  asthenia  ami  prolonged  convulcsrciier, 
with  return  of  apfietite  considered  one  ol  the  In*si 
prognostic  signs.  A  feeding  of  const  riel  ion  of  the 
chest,  toss  of  weight,  and  increased  Imdy  tt*ui|M*ratun* 
tdso  have  Iteen  refNirted.  Various  neurological  dis- 
turlianccs  may  occur  anil  consist  of  the  following: 
frontal  headache,  drowsiness  and  lethargy,  apatlix, 
somnolence  interrupted  by  states  of  excitement, 
tremor,  and,  in  some  cases,  sudden  deep  coma  with 
or  without  terminal  motor  paralysis.  However,  cen¬ 
tral  nervous  system  injury  up|M*ars  only  in  the  most, 
seven*  cases  of  intoxication.  ( 'omments  on  circulatory 
changes  seem  uncertain.  Bradycardia  is  present  cm  !v 
in  intoxication.  Tachycardia  and  hypotension  ap|M*ar 

later,  indirating  circulatory  insuflieieiiey.,nn>*-**  "*• 
tM.oTin.ia 

In  masked  x’ohmtecr*  exposed  to  II  vafsir,  vomit¬ 
ing  is  a  much  more  marked  symptom  in  the  tropics 
than  in  temperate  zones.**-11’  “In  temperate  climates, 
sew  re  vomiting  is  usually  only  olwrrved  with  the 
comparatively  rare  fulminating  cases;  in  tlie  tropics,  it 
is  a  usual  feature  of  even  moderately  seven*  cases  ",;T 
In  gassed  volunteers  masked  ami  wearing  protective 
clothing,  vomiting  may  occur  with  eom|Nimtivi*ly 
small  dosi*s  ((’I  =»  100  mg  min  m*)  and  can  Is* 
violent,  frequent,  ami  prolonged  with  somewhat, 
huger  doses  (ft  m  POO  mg  min  m*).,IT  Nausea  ami 
vomiting  may  Is*  prrsrnt  without  evidence  of  oral 
intoximlion  "5“"1  or  persistent  intestinal  disturls- 
ances."  Nausea,  vomiting,  anorexia,  and  persistent 
intestinal  disturlmnces  may  Is*  -disent  in  volunteers 
sublcthully  gassed  under  tiopieal  conditions  '**  and 
in  men  nrritimtally  suffering  II  third-degree  Isirns,” 
and  mny  occur  without  any  evidence  of  enteritis.  A 
leucotoxic  mtion  need  not  Is*  a^siciateri."’-"111* 
Since  nausea,  vomiting,  and  depression  can  I**  elicited 
by  an  inflammatory  remtion  pnsluccd  by  nuliation, 
trauma,  or  fire  1mm,  these  symptoms  do  not  offer 
primn  facie  evi<k*nci*  of  systemic,  intoxication  by 
mustard,  at  least  in  man.  They  ait*  more  likely  a  non¬ 
specific  response  to  skin  damage."-*1 

Men  accidentally  suffering  prolonged  skin  nil- 
tamination  by  a  mixture  of  liquid  II  in  oil  showed 
evidence  „f  systemic  intoxication,  namely,  increased 
IkmIv  temperature,  hyjsitcnsion,  increased  |miI*s*,  and 
apathy,  Imt  no  other  symptoms  of  peripheral  circula¬ 
tory  failure,  such  as  restlessness,  anxiety,  mute 
distress,  or  cold  extremities.*’ •”  A  similar  elini* si 
Itietun*  a|>fM*ar>s|  in  men  accidentally  contaminated 


Om:im<oroktiiyi.)  stmtiK  (mi  *t4ki>.  ii.  mi.  i»h\) 


with  li<|ui<!  II.*7  ** 111  "*-'1"  I Jotnilo*!  clinical  histories 
of  II  fat uli ties  aie  available.*’*"-3'  »  'K.n«.iu.m  jn  j|M, 
ease  of  men  contaminated  hy  a  mixture  of  li«|iii<!  H  in 
oil,  souk  deaths  occtirml  as  early  as  18  hours  after 
contitntination  liefore  there  were  marked  visual  evi- 
ih'tieesof  skin  damage.  Individual*  appearing  in  good 
condition  «‘\ce|it  for  h> |»»teiwi«Hi  (10  HO  nun  llg>, 
conjunctivitis,  and  skin  erythema,  within  a  matter  of 
minutes  Itecume  comatose  and  rapidly  died  without 
showing  any  prognostic  signs  Failure  of  the  periph¬ 
eral  vascular  lied  seemed  profound  in  severe  cases; 
in  any  event,  the  |nitients  were  inca|Nihle  of  n**poud- 
ing  to  shirk  therapy,  i.e.,  tlw  administration  of  warm 
fluids  plasma  transfusions,  and  morphine.  Injections 
of  adrenalin,  other  vasotonics,  and  eommine  gave 
only  vague  transient  effects.  Circulatory  failure  was 
considered  primarily  peripheral,  inasmuch  as  tlie 
hv|s (tension  was  severe  without  marked  tachycardia 
and  respiratory  changes,  and  inasmuch  as  t hediastolic 
pn*ssurc*  in  surviving  eases  was  highly  labile,  never 
rising  to  a  l<  vel  com|mrahle  to  the  rise  in  the  systolic 
pressure.***'' 

Marked  leueopcnia  and  loss  of  reactivity  of  tlie 
lame  marrow,  which  are  oiisrrvcd  in  exjierimental 
animals  jifler  |Kirenteral  intoxication  with  LI)*  doses 
of  II,  are  seen  in  man  only  in  the  most  seven*  cases  of 
intoxication.  In  masked  volunteers,  suhlcthaily  ex¬ 
posed  under  tempenitc  or  tropical  climatic  condi¬ 
tions  to  liquid  II  or  to  II  vapor  (Cl  of  from  50  7t«0  mg 
min  m1),  tliere  is  a  moderate  to  marke«l  leurorytosis 
npiiearing  as  early  as  4  hours "*  or  later  M  and  con¬ 
sisting  essentially  of  increases  in  neutmphilic  pnty- 
morphonuelcnr  leucocytes  and  lymphocytes.  In  some 
instances  this  wa«  followed  hy  a  mild  to  moderate 
leueopcnia,'7*  hut  more  f*-qucntly  l>v  a  continued 
gradual  inerrase  in  neutrophilic  polymorphonuclear 
leucocytes  and  lymphocytes,  with  no  demonstrable 
change  in  eosinophilic  or  l>nsophilic  polymorphonu¬ 
clear  leucocytes  or  large  mononuclear  leucocytes.**  ■ 
!:;•  Hi'.iu  xIhwc  appcaml  to  Is*  no  correlation  'ictwocn 
tlw*  severity  of  the  resultant  Isims  and  changes  in  the* 
white  cell  count,  nor  with  toxic  symptoms  such  as 
vomiting,  headache,  n.-utsca  or  anorexia,'7*-11'1  and 
knc<syte  changes  may  lie  absent,  althmigh  nausea 
and  vomiting  occur.®  Blood  changes  after  exposure 
under  tropical  conditions  have  lieen  olisorved  in 
gassed  volunteer*  at  f  Vs  very  much  lower  than  would 
Is*  considered  necessary  to  produce  f|H*m  nmler  tem- 
pemte  conditions. 1,1  I'nprutcctcd  men  xplaslicd  by 
I!  had  a  marked  icuciaytosis  on  the  first  day,  drojr- 
ping  to  normal  hv  the  eighth  day,  hut.  no  leneopenia/7 


I.Vi 

Irritation  cells  (Ttirek)  have  lieen  found,  indicating 
an  upset  of  lymphopoietic  tissue."" 

In  fe.tr.Ily  intoxicated  men,  a  marked  leucoprniu  of 
300  was  noted  12  hours  l>ofore death  in  i.nc  insttuiee  "7 
and  on  the  tenth  day  (0  days  ls*fon*  death)  in  tin- 
other."*  In  tlie  latter  instance,  Iciicopctnu  was  |ms*i- 
hly  iullticnccd  Ivy  the  usi  of  sulfatliiaitole.  A  marked 
kainsytosis  was  noUal  in  many  of  the  eases  at 
Bari.****  Fatally  containiitnUxl  men  usually  de¬ 
veloped  a  severe  k'tieo|M*nia  reaching  lex-els  as  low 
as  50  cells  mm*  hy  the  third  or  fourth  day  in  many 
instants**. 

Little  change  in  the  red  <*<*11  count  lias  lieen  noted 
in  volunteers  exposed  to  various  amounts  of  liquid  II 
or  II  vapor.  Tlie  relatively  lung  file  period  of  the  red 
lilooit  cell*  lent  Is  to  maintain  the  cell  count  through 
the  tu'itfe  illness,  while  exsiccation,  wliere  pn*sent, 
may  pmduee  hemts-oneentration  >n  the  face  of  possi¬ 
ble  erythroblastic  injury.  As  in  ex|ierimentnl  animals, 
iimmlii  may  follow  after  a  considerable  ilelay." 
Henus-oneentnitiii..,  s«*n  on  the  day  of  lulmission  in 
men  contaminated  hy  I!  in  oil,  was  corrected  l»y  the 
.-econd  or  tliinl  day  in  those  individuals  surviving 
this  |M*rioil,  and,  therefore,  can  lie  considered  an  tut* 
im|Nirtanl  factor  in  stilisrqiicnt  delayed  deaths.**-** 
A  divrcaso  in  ml  cell  count  has  lieen  reportw!  in 
«»t ln*r  fatalities.**  "-  Ttironilxsytopenia  luis  not  lieen 
ol (served  in  men  severely  iMimeil  hy  II,  although  it 
has  l(ecn  reported  after  intravenous  intoxication  hv 
1 1X3“ 

A  decrease  in  nmgulation  time  in  gtucxxl  soldiers 
was  noted  in  World  War  I  and  has  I  sen  confirmed 
in  this  war  in  volunteers  exposed  to  liquid  II 
under  tropical  conditions.  These  ol(scrvntions  suggest 
an  interference  with  liver  function.  Kxposine  to 
liquid  II  hy  contact  in  field  ol (servers  resulted  in  an 
ncielcrated  sedimentation  rate  in  each  ol  time 
cases.*4 

Analyses  of  urine  from  men  intoxicated  l»y  II  an* 
few  and  very  incomplete.  A  true'*  of  allHimin  was 
is-easionally  found  in  the  urine  of  Bari  casualties  hut 
there  was  no  hematuria.**  In  a  man  suffering  con¬ 
tamination  of  85  per  <ent  of  his  laxly  surface  with 
liquid  mustard,  (lie  urine  137  hours  after  exjxwurc 
<37  hours  I ‘••fore  death)  was  acid,  Isliml.iii  insiliu-, 
and  contained  consideriide  allciniiii  hut  no  ml 
cells."7 

The  literatim*  on  the  pathology  in  litunan*  fatally 
ex|Misisi  to  II  lias  Usui  reviewed  up  to  August  I, 
I!>I3.*  Since  that  time  additional  information  has 
accrued.  Kxcitfsivc  of  damage  to  the  respiratory 
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(met,  a  summary  of  t ho  microscopic  pathology  of  a 
fatality  n*xotting  from  vapor  exposure  is  as  follows: 
acute  ulccrarion  of  the  first  part  of  the  duodenum; 
doiidx  swelling,  congestion  (possibly  p«»st.  mortem 
changes)  and  east  formation  in  t-lx*  kidney:  cloudy 
swelling  and  early  necrosis  in  the  liver  (possibly  p**»t 
mortem  changes);  distension  of  the  spleen  with  ted 
corpuscles;  depletion  of  lymphoid  tissue  in  tlie  spleen, 
nH*senteric,  inguinal,  nnd  presort  ic  lymph  giant  Is 
with  lymphoblastic  proliferation;  anti  disnp|x*nnitice 
of  grunuioeytes  nnd  myelocytes  from  tin*  Isine  mar¬ 
row."1  In  spite  of  the  seven*  systemic  damage  sus¬ 
tained  I»y  this  casualty,  death  tlid  not  occur  until 
early  on  the  thirteenth  day.  Death  was  precipitated 
by  lung  edema  which  followed  and  was  possibly  re- 
latcd  to  the  slow-drip,  intravenous  hltssl  anil  fluid 
therapy  inaugurated  late  on  the  tenth  day.  Then* 
was  notate  vomiting,  anil  a  late  constipation  occurml 
as  tlie  result  of  the  duodenal  ulcer  ami  possibly  a 
paralytic  ileus.  Diarrhea  appeared,  however,  on  re¬ 
lief  of  cmistiputinn  by  means  of  a  turpentine  enema, 
but  was  under  taint  ml  the  day  of  death. 

After  ex|HHure  to  liquid  II,  another  casualty  died 
at  171  litHirs  during  an  attack  of  jxilmitnarv  tslema 
with  marktsl  cyanosis  which  followed  within  2  Ik  sirs 
after  a  transfusion  of  whole  bltssl.  A  market!  Iciico- 
petihi  (300  cells  mm’)  was  pnnetit  12  hours  ls*fore 
denth,  but  macroscopic  examination  showed  normal 
ml  mm  row  in  the  femora,  humeri,  vertebral  Isslies, 
anil  sternum,  anti  only  the  tibia  was  without 
ml  marrow.  No  microscopic  pathology  was  n*- 
liortetl."* 

It  is  ilelmtable  *»  "•*  to  what  extent  systemic  injury 
•xmtrilxitcd  to  tleatti  in  men  cx|NMed  to  II  in  the  oil- 
water  mixture  at  Bari  Blast  injury,  m.piration  «»f 
foreign  material,  secondary  infection,  anti  pmbmged 
immersion  wen*  su|x*rimp«iscd  on  the  effects  of  ex¬ 
plore  to  II.  I'nfnrtunately,  no  sections  o>  intestine 
anti  Imtte  marrow  from  the  victims  wen*  p  re  parts!  for 
hi*tologit*nl  examination.  Tliemfon*  it  is  difficult  to 
asset*  s\  stt  mic  injury.  However,  severe  sy  Jcmic  in¬ 
jury  is  indicated  in  at  least  some  instances  bv  a  pr«r- 
fiximl  hsitsijienia.  Some  significance  was  attaclssl  to 
renal  injury.'’  This  injury  etmsisted  of  titlxilar  easts 
«tf  iM’mogtoliin  ami  calcium,  with  dogonera*HXi  mid 
tws-rosis  of  ntljru'cnt  tulnilar  cpit helium.  However, 
thc»e  lesions  wen*  not  suHieicntly  extensive  to  have 
eaused  lettal  insufficiency  Tire  specificity  of  tlie 
kidney  damage  has  liren  questioned."-'  ami  natal 
lesions  have  never  lieen  seen  in  experimental 
animals. 


22.S  DKHIV  \TI\  KS  OK  \M)  COM- 
IMH'NDS  KKI.NTKI)  TO  It 

In  Table  3  the  toxicities  of  some  of  the  derivatives 
of  II  anti  compounds  rt*lat*sl  to  H  an*  tabulated.  A 
romitotintl  with  an  /,/>;*  hy  siilx'iitiuicons  injection 
<25  mg  kg  nrltitnirily  is  eonsideml  toxie;  >25 
mg  kg,  nontoxic. 

(9  (‘ituiMormivi,  /f-MvnuttxvtrrMVi,  Semin:  (C||> 

Dirge  tloscs  of  CH  In  propylene  glycol  given  intra- 
venously  in  mice  produce  rapid  death  during  the 
transient  lait  nunlcthal  convulsions  produced  hy  tin* 
volume  of  pmpylcnc  glyce*  usetl.  Cl  I  pnMluci*il  en¬ 
teritis,  congestion,  and  increased  heinato|>oiesis  of 
the  liver  anti  injury  to  the  lymphoid  organs,  with 
enlargement  anti  congestion  of  the  adrenal  glands.*" 
(’ll  pnxluecd  sensory  anti  naitor  |xiraivsis  tif  tlx* 
limb  lists  I  for  the  intramuscular  injection  in  nits  am! 
was  toxic  hy  this  nmte  (U)M  =  0.5  1.7  mg  kgi.."*1* 

TmtuutitvetiL  (T(!) 

Tliiotliglycol,  unlike  II,  has  no  effect,  on  the  cardio¬ 
vascular  system:  i.e.,  it  docs  not  increase  IiIinkI  prt*s- 
sure  or  heart  rate,  and  docs  not  alter  vagus  nerve 
irritability  when  given  intravenously  to  dogs  or 
mltbits."*"* 

/J-CiusiHotrrim,  0-[f»/V(/^HvniioxvKTiiVf,)Siuo- 
xi I’m]  Ktiiyl StXKiuK  Ciii/iuidk  (II  ITCi) 

Analysis  of  extmctahlt*s  in  pig  skin  tissut*  formtxl 
hy  iIk*  action  of  radioactive  II  (II*)  in  lint  show., 
that  II  IT(i*  sulfonium  salt  com|>rist*s  alsait  2.5 
per  cent  of  tlie  mdiixictivc  material  |tn*xciit.  Wlail 
0.0008  M  H*  was  reacted  with  bhxxl  plasma  for  30 
minutes  at  37  C,  2.1  per  cent  of  tlx*  addl'd  II*  went, 
to  II  IT<  5*.  <>f  tlx*  extmctables  formed,  3.1  |x*r  cent 
was  H  ITti*,  and  1.5  |x*r  ct*nt  of  tlx*  II  which  re- 
acfci!  went  to  II  ITDV 

II  I’D!  lias  no  nenrotoxic  aefiixi  even  in  large 
doses  ndmiuislen*il  sulM  utaneously.,;  Tlx*  altst*:iei*  of 
a  leucotoxic  effect  of  II  ITT  I  chloride  in  f,/>m  dos:*x 
in  nxlenfs  cixislimies  a  notaiih*  difference  in  the^. 
action  of  this  cixti|xximl  nnd  that  ol  II.  In  max*  and 
ml 4 tils,  moderate  to  seven*  enteritis,  mild  neemsis 
of  tlie  liver,  injury*  to  lymphoid  I  issue*,  especially  *lie 
spleen,  nnd  mild  to  mixlerab*  adrenal  tmigcstion  an* 
seen  without  any  Jxint* mnirow  injury In  nil*  largo 
do*es  ol  II  ITti  a*  tlx*  pieryl*nlf«iiinte  jinshiee 
marked  diarrltea,  loss  of  Ixsly  weight,  and  exseut rally 
the  same  pathologic  ehanges  as  the  chloride.**  In 
•logs  a  slight.  leiico|x’iiia  follows  tlx*  itilr.tvemxis  nd- 
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Tani.K  3.  Toxinity  <if  derivative*  of  and  mm|«minl*  mated  to  II. 

X.T.  »  Xontoxin  l»y  xerrminR  rtwly  8rr  •  Srnvniiix 

T.  «  Tnxir  hy  either  xemenitMt  or  definititrr  xtody  IVf  •  I  Infinitive 


A  noni,ioiiiid  with  nn  hy  xiilmiitnn<-n.t«  fnjnntion 

HOIltoXir, 


( Vnnimiind  examined 

llemnrkx 

IMixiww  . 

('ompoundn  n  fining  from  thr 

Hmtf/nin  of  //  j 

1.  (Mlilnfirlhv'  (MlVllMtV*  ! 

4-ihvl Kiilfit.  (CM) 

X.T.* 

23t 

2.  ThkHlicIvnoKTC) 

X.T.* 

23., 

3.  d-Otkimetliy’  rf-[/)iXd-(ty- 
ilmxynt  li.vl  (xidfonimii] 

ntlivl  xnllhln  rldoriih' 

23q,it,x, 

(H  mn 

T.  (ilofl* 

na.Tfi 

4.  hin[hiM <M  IvilrmyMlivI >ml«  j 

fiiftiimii'ilivtl  »*•  IfwV*  <li-  1 

Hi  tor*  to  (II  2T<i> 

X.T.* 

««i,23f 

3.  d-llydmxyel  Itvl  rf-fhodd-hy  • 
dnixyntliyl  (xnlfoiiimn] 
ntlivl  xiilfiik'  rlitoriib' 

(CM  IT(5l 

X.T.* 

23i  | 

Sfinlhrlir  nnlfnniiim  mm/mnmlx 

1 

1.  Metliyldx'nf d-hydmxyot  hy  1 V- 

1 

1 

xnlfonium  rhlorhlr 

X.T. 

am  j 

2.  IriA d  1  lydmxvet hvl  koilfo- 

1 

tiiilin  nhloriiln 

XT. 

2tm  i 

3  'Ido  root  hvl  Mtilfoninm 
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nhloriiln 
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lt>l 

2.  Divinyl  xiilfoxnle  (Tl.  1KI7) 

X.T. 

Mm  > 

3.  /M  'hloronthyl-f»,dHhnh|on»- 

i 

nlhyl  xulfoxnlnt 

X.T. 

Min 

-1.  biA (M  liloncl  livl )  xtilfonn  ( II 

1 

HiilfiHml 

XT.* 

23,..  107 

3.  Divinyl  -tilfonn 

T.(ilnf) 

23|».  1117 

t».  hoHJ-llydnixyolhyl  l<iiilmir 

X.T. 

.-,7:,  I 

I).  Iti  iAan  mi  Ml  nr  nihlilinn  ilirim - 
I  in  r  nj  alum  emu  /muiithi 


1. 
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171. 

2. 
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X.T. 

«3 

3. 
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fhln 

X.T. 

a«.23. 

Xnnrotoxm 

23* 

1. 
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py  rii li.tni i>H-t  li.vl  ]  x'dfiik* 

ilinhlornln 

X.T. 

2nfc 

.*1. 

(  H  IM  11- 

X 

<23  mg  kg  arlrftmrily  b>  mnxkierv.1  toxin;  >23  mi  ki. 
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X.T. 
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12. 

biA  hi  lydtoxynt  hy  It  hio- 

nthyl)  xnlfoon 

X.T. 

201 

13. 

biA  d- 1  lydroxynl  hvl  )t  hiazn- 

ninm  dioxiiln  ptnrylxnl- 
fiMtnln 

X.T. 

201 

;i. 

Vinyi[ff-(W«(d-nhlor.int  hyl  >- 

nmino)nthyl]  mlfonnt 

T.(ilnf) 

XnunMoxin 

Xonloiteo- 

20m,  23w- 

loxln 

23w 

13. 

llnnntiim  priNhint  of  ilivlnvl 

T.  dh-f) 

xulfotm  ntnl  xtrynhnitM> 

Xnnmtoxir 

20m,  2i(« 

l«. 

lt.xinti.Ht  iminIoti  of  divinyl 

Hiilfonr  nml  Imminn 

X.T. 

201 
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.1, 
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1. 
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T.,ilef)\$ 

23n,  23o 

2. 

hi»[d-(dd  'hhMorihylthi..Hi- 
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X.T. 

Mil 

3. 

1 ,2 J.dfWX  d-l  lydroxynt  hvl  h 

xnlfiMiiiinint  liyll  hlo]nt  hnnn 
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X.T, 

23p 

I. 
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xnlhHiinm  nhh.ri.ln 

X.T. 

Mhi.p,  at*. 

2.l|i 
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rf-l  lydroxynl  hyl- M^lil  hi- 

iinnxiilfonnini  rl.iori.ln 

X.T. 

am,  l,«h 

ti. 

Vinyl-1, 4-.lithi.xtH~ulf<x- 

liiilin  nhloriiln 

X.T. 

a» 

7. 

d-!>yriiliniinnnlhyl-l,d-.li- 

l  lii:iiH~iilfoniiini  dinhhn 
riiln 

X.T. 

a* 
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4- 

X. 

m  sciMiUsir, 
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*  r.tiln4««*t  t**mI  (•turitintxiioct  (I»--«*tiI»m1  n-  mi. 
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ministmtirai  of  11-IT< »  as*  the  chloride  or  pieryl*ul- 
fomito.^* 

f«ii[6/n(d*llYI»KOXVKT«IVI.lm-l.Kl»NirM»miYl.jS|-U- 

KIIIK  l>H  IIU»MM»K  <II-2,r<  S,  Tl,  510) 
l.lhn  of  It  2T*»  pmriuccd  dctayul  death  in 
mire,  after  introveiums  or  suls'iituncous  M«lmi»ii!*t ra¬ 
tion,  and  in  rabbits,  after  intravenous  administra- 
tion.  In  the  mMiit  tin*  eompmmd  lias  a  lcuco|x>nic 
art ion,111  possibly  n*sttlting  from  itadissoeiation  to  II 
in  tlie  I  tody.  Although  nontoxie  (/,/>.„,  administenxl 
suls'iitancimsly,  approximately  200  mg  kg),  this 
com|Mnmd  caused  rapid  death  with  convulsions  when 
given  to  mice  in  large  doses  (350  500  mg  kg)'"*'" 
(•iven  to  rahhits  intravenously  in  lethal  doses, 
II  2T(5  produced  prostration,  ataxia,  copious  rhi- 
norrl.ea  and  salivation,  and  slow,  deep  respiration. 
Massive  hemorrhage  and  edema  appeared  in  the 
lungs  in  animals  which  died  within  21  Hours.  There 
was  a  markisl  leucopenia  with  little  change  in 
ciythroeyte  count.*' 

hf*((M  ‘lIUlKUKTIlVId  SlI.KMNK  (||  Sl'LFONK) 

\Vh»  n  given  to  rats  and  mice  intraviaionsly  or 
sulsaitamssisly,  II  sulfone  has  a  marked  parasym¬ 
pathomimetic  action.5**  After  sulsutaneous  or  in- 
tra peritoneal  infection  in  large  doses  in  mice,  excessive 
lacrimation  and  salivation  occur  with  marked 
tremors  prior  to  death,  rigor  mortis  rapidly  follow¬ 
ing.  The  tremors  were  not  alleviatisl  l»y  tlie  intra- 
js'ritimeal  administration  of  atropine.  Clutathione 
inject  ixl  iutra|M'ritoneally  preventisl  detitli  from  a 
lethal  dose  of  this  compound.*5  II  sulfone  has  a 
pharmacological  action  hi  like  II  on  tlie  cardiovascular 
system  "M*  and  on  the  silivan*  glands."1**  II  sulfone 
at  a  dose  of  (Ml  mg  kg  intravenously  in  dogs  caused  a 
ik-creaae  in  Mood  pressure  and  e  slight  nvxlifirntion 
of  vagus  nerve  irritability,  Imt  did  not  alter  tlie  heart 
rate."*"  Supra-/,  /h* doses  produced  severe  pulimmary 
injury.  With  lower  doses  there  wen*  no  pathologic 
changes.5*'  A  mnrk«*d  leueorytosis  <**rurrcd  in  raMtits 
tlie  sits  aid  day  after  tlie  sulxntnwxsis  administration 
of  20  mg  kg,  counts  returning  t.*  normal  bv  tin-  sixth 
day.**  In  max*,  cats,  and  rahhits  gassed  with  II  snf- 
fone.  then*  was  present  slight  diffuse  pneumonitis, 
Ivmphorrhexis  in  the  thymus  glands,  lymph  rush"*, 
and  spleen,  and  slight  parenchymatous  degeneration 
of  the  convoluted  tubules  in  tlie  kidney.  I  Vplclion  of 
the  red  pulp  ot  the  spleen  and  the  hematopoietic 
tissue  of  the  Imne  marrow  was  not  complete  at  tlie 
time  of  death.7  Following  the  int  ravenous  admitiistra- 


•  ion  oi  5  mg  kg  of  radioactive  II  sulfone,  the  diet ri_ 
tuition  of  8“  in  various  tissues  at  I  hour  was  quali 
taiivelv  similar  to  the  distribution  of  8“  after  intrn* 
venous administration  of  II  or  It  sulfoxide.  However, 
after  It  stdfone  was  given,  the  S’*  content  in  the  liver 
was  mttrh  lower  than  that  prevailing  after  tlie  other 
two  eoinimunds.The  amount  of  fixed  8**  in  most  of 
the  tissues  was  eonsiderahly  higher  than  after  II  or 
It  sulfoxide.  A  considerable  amount  of  8**  ap|  wared 
in  the  urine. ,,ai 

DlVINYL.  St'LFDXK 

I  )i vinyl  sulfone  has  a  marked  parasvmpathoini- 
metic  net  ion.5*"  Intravenous  injection  in  dogs  and 
eats  rapidly  produced  a  transient  perils!  of  hy|**r- 
tension,  followed  hy  a  progressive  hypotension,  ccssa- 
tion  of  salivary  secretion,  mul  a  progn*ssive  d«*erease 
in  the  irritahility  of  the  i Imrda  tympani.  This  action 
is  i|ttitc  different  from  that  of  If  and.  its  oxidation 
pnslttets.,“l* 

Su|*ra-A/Jj»  dosi*s  produced  seven*  pulmonary  in¬ 
jury.  With  lower  doses  pathologic  ehangi*s  wen*  not 
appunuit .**•■  A  mislemte  transitory  h*nei**yto*is  hut 
no  Icucnpcnia  ap|s*ureil  in  rahhits  after  int  nunusrular 
intoxication.® 

fc».*(0-CiiumoKTiii.ri  Silkoxiiik  (II  Si  uhxiuk) 

II  sulfoxide  injected  snls-utaneisisly  or  intniperi- 
toneally  in  mice  eauseil  nseites,  ixlemu,  locrimiition, 
and  salivatiiMi,*5  Imt  apjsxmxl  to  Is*  li*ss  toxic  than 
II  sulfone  or  II. 

8tudics  utilising  II  sulfoxide eontaining  8®  showed 
that  the  sulfoxide  is  distributed  in  the  same  fashion 
as  II  exix*pt  for  the  nartieulaily  high  8®  content  in 
the  gall  Madder  bile  eom|Kinxl  with  that  in  hlissl 
and  other  tissues."01 

Divixvi.  Silhok 

Divinvl  sulfide  given  sulsaitmieoHsly  to  dogs  (no 
reeonl  of  ilosi»i  pnxluccd  |<s*al  mul  systemic  dis- 
tnrlmneiw.  Tlie  urine  contained  very  large  amounts 
of  lihssl  easts  and  Idle  pigments,  mid  a  copious  pn*- 
cipitation  of  alhnmin  was  always  obtained.  Since  such 
urinary  change*  did  not  occur  in  ring*  given  injection* 
of  pun*  II,  then*  is  no  need  for  |iostulutiiig  that 
divinvl  sulfide  is  formed  when  II  is  injectisl.*'  ■ 

32.3.1  li-fii*(|j*(  ililonirtln  ltliio)i*tliani' 
(Sempii  unis  lard,  y) 

<2  is  mon*  toxic  than  II  for  small  animals  and  its 
action  is  likewisi*  delayed."  The  principal  pathologic 
changes  in  rats  given  hit-.,,  doses  intnivennusly  or 
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suls'iitancously  arc  market  I  enteritis  with  only  >1i(slit 
injury  to  the  lymphatic  tissue*.  Then*  is  no  icticopeniit 
nor  ls*ie  marrow  injury.  However,  in  mMiit*  in¬ 
jected  intravenously  tlien*  is  moderate  to  market  I 
haimpenia.  administered  sulsMitanissisly  and  in* 
tmvenoiislv  exhibits  tin*  entcrotoxic  action  to  n 
greater  degree  than  II,  injury  licing  evident  at  sul»- 
lAi-m  doses,  whereas  the  leurotoxie  and  myelotoxic 
actiiMis  are  less  market)  than  with  II,  IIXl,  IIX2,  or 
IIXo.1*1  p  In  mice  gassed  with  Q  tfie  liver  and  kitlney 
sho  wet  I  parenchymattNis  degeneration  and  marked 
fatty  changes.  The  lymphatic  tissue,  including  that 
of  the  sph*cn,  was  very  atrophic,  presumably  from 
toxic  rhexis  of  the  lymplwytos,  although  this  early 
stngt'  wits  not  seen.  A  complete  aplasia  of  the  Is  mo 
marrow  occirred  with  the  replacement  of  the 
liematopoietie  tissue  by  hemorrhage.7 

22.1  KTIIYI.  WiflJ  CIII.OROKTHYI.) VMINK 

(IIM.  Tl,  3*>.  III'),  KTIIYI.  S) 

22.1.1  Pharmacology 

Toxicity 

Tlie  parenteral  toxicity  of  IIXl  is  shown  in  1al*h* 
4.  In  addition  to  these  data,  a  dog  receiving  40  mg  kg 
of  IIXl  on  the  clipped  shaved  liack  died  on  the 
fourth  day,  whereas  three  dogs  survived  10,  20.  and 
30  mg  kg  doses  resist-lively."’  Tolerance  to  a  second 
oral  dose  of  2.5  mg  kg  of  IIXl,  which  killed  75  f**r 
cent  of  the  control  animals,  has  lieen  reported  in 
rats  which  received  a  primary  oral  dose  of  0.75  mg  kg 
4  weeks  previously.77' 

Pll ARMACOIU  X  Win  s 

Ijirge  doses  of  IIXl  IICI  administered  intmve- 
nousb  orsulx'utancuiisly  t<  •iiii(x>ind...*edisturlmnees 
af  the  nervous  system  which  range  from  poor  co¬ 
ordination,  tremors,  and  vxxikness,  to  convulsions 
depending  on  11m-  dose  and  route.731  intravenously 


administered  in  the  rabbit,  10  mg  kg  (approximately 
3  lil)*)  causeil  first  a  central  ncrvntt**y*l«*in  stimula¬ 
tion  followed  secondly  by  depr«*ssinii  tunl  rapid  death. 
Parasympathetic  effects  were  only  mild.  Death  oe- 
cmred  in  24  4K  hours  follow  ing  5  mg  kg.7*1 

At  LDm  doses  deaths  are  delayed  in  all  sfieeies  re¬ 
gardless  of  the  route  of  administration,  althongh 
gradations  in  severity  of  elinieal  symptoms  have  Ism 
ol»sened.  Anorexia  and  emaciation,  variable  leueo* 
pen  in,  and  variable  diarrhea  have  lieen  oliserved  in 
mldiits  after  skin  application,73'  **•'  mid  after  intra¬ 
venous  administration.73*1  •"  Severe  leueojienia  was 
seen  in  rabbits  receiving  supra-/,/).-,,,  dosi*s,  whereas 
only  miKlerate  transient  leticopcnia  was  oliservcd  at 
lower  doses.  Differential  leucocyte  counts  in  animals 
receiving  siiIi-/./>m,  doses  showed  that  the  absolute 
numliers  of  lymphocytes  wen*  lowest  on  the  second 
and  thinl  day  with  the  great,*!  total  reduction  in 
granulocytes  occurring  on  the  same  or  following 
day.**-"  Essentially  similar  olisemitions  have  I  sen 
reported,47'  Isit  tlie  alisohite  counts  in  this  eaw*  have 
liccn  rshieed  to  4,000  polymorphonuclear  leucocytes 
and  11,500  lymphocytes  for  each  roMrit.  It  has  Iwen 
concluded  that  small  intraveniMis  doses  of  IIXl  re- 
peuted  daily  in  tlie  roldiit  have,  alter  .in  intermediate 
sliglit  depression,  a  stimulatory  effect  on  lirtcmphilu* 
polymorphonuclear  leueoeytes,  and  a  mildly  depres¬ 
sive  effect  on  lymphocytes.  In  view  of  tlie  complexity 
of  the  procedures,  the  original  refiort  should  Is*  con¬ 
sulted  for  details.47,1 

Rabbits  gassed  at  L(('t)u>  levels  7*»  44'  and  goats 
excised  to  IIXl  vnjsir  under  field  conditions 47 
showed  no  significant  alteiatioil  in  daily  total  mid 
difTerential  white  ceil  counts.  However,  a  terminal 
leucorvtosis  ocriirrrd  in  tlie  ml  (bits  and  was  isissibly 
attrilHitnble  to  secondary  puimonnry  infection.  A 
slight  neutrophilii*  Icucocytosis  and  a  siiglit  rise  in 
hcmoglidiin  (I  gram  |wr  renti  occurred  in  t!s*  goats. 
In  rats  exposed  loan  dose,  significant  elinieal 
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symptoms  of  systemic  intoxication  apart  from  weight 
lorn*  failed  to  develop. 

A  cimtlt/gic  Injury.  In  rats  given  LI) i»  and  suprn- 
Ll):,n  dines  intravenously,  clinical  symptoms  were 
coiispiciuMisly  alneut,  except  for  a  late  appearing 
diarrhea  in  some  animats  surviving  lteyond  70  hours. 
In  the  nlwence  of  tiie  usual  signs  <*f  systemic*  intoxi¬ 
cation,  noteworthy  manifestations  of  neurologic  in¬ 
jury  appearing  on  the  third  or  fourth  day  wen*  ol>- 
served.  These  consisted  of  increased  irritability,  ami 
abnormalities  of  posture  and  movement,  progressing 
in  the  severe  eases  to  involvement  of  the  vestilmlnr 
and  cochlear  mechanisms.  Usually  death  rapidly  fol¬ 
lowed  t!ie  «mset  of  the  extreme  stage,  and  among 
survivors  of  h*ss  seven*  injury  hypcrirritaliiHty  n*- 
mrined  for  weeks.  Tliis  neurologic  injury  has  lss*n 
seen  also  after  cx|m*itrc  to  HXl  or  HX2  vapor  and 
after  the  intravenous  administration  of  HX2,  I  sit 
never  after  cutaneous  or  suls-utaneous  administra¬ 
tion  of  either  agent."**  1  The  clinical  manifesta- 
t ions  and  the  liisto|inth<ilogtc‘  lesions,  imrtieularly  the 
extensive  dcmvclinixation  of  periphend  nerves  seen 
in  I  3  animals  examined,  resemble  thus**  produced  by 
vitamin  lb  deficiency.  However,  the  rapid  devete|»- 
ment  of  the  syndrome  following  HXl  and  11X2 
e*|uiv<H*sit«*s  tla*  involvement  of  vitamin  lb  metaln 
olism. 

Hats  injix-ttxl  sulieutaneonsly  with  L1)m  and  side- 
Ll)u«  doses  were  notably  free  from  clinical  symptoms. 
Ix*uco|ienia  was  alisent,  weight  loss  slight,  and  di- 
arrlma  inconstant  and  mild,  although  enteritis  (s*c 
pathology  sis- 1 ion)  was  severe.** 

One  dog.  succumbing  on  the  fifth  day  following  the 
cutiUHssi-  applirut  ion  'if  *'1  mg  kg  of  tin*  free  Imse  of 
I IX I  to  the  clipped  shared  liaek,  pn**entixl  a  clinical 
condition  n*sembling  shock  which  was  entirely  simi¬ 
lar  to  that  following  the  intravenous  administrat'on 
of  11X2  and  11X3  den-nlKxl  later.  However,  there 
was  no  bloody  diarrhea  or  extensive  vomiting 5,1  such 
as  were  sei-n  in  the  serii*s  of  dogs  injected  in*m- 
Veilollsly." 

Apart  from  the  atsive  olisen'ations,  few  other 
clinical  examinations  have  lss*n  made.  An  elevation 
of  blood  sugar  of  <|iii*stionable  spix-ificity  ha.,  !sx*n 
re|H)rtiil  at  ifOand  90  minutes  after  exposure  of  goats 
to  HXl  \  ipor,  with  nomad  value*  again  prevailing 
after  3  5  hours."  Altemtious  of  tla*  -sxlimentation 
Rite  wen*  oinerved  in  rabbits  following  the  ititr.i- 
venous administration  of  IIXIA"  In  ml»l*its cxponxl 
to  IIX I  vnfsir.  daily  hemogtoliin  values  did  not  van* 
significantly:  *•  goats  exposed  under  fie! .  conditions 


showed  a  slight  rise.**  In  misgiven  HXl  intrave- 
niMisly there wnsRuehtuigeinhliNMlealeiiim.  A  marked 
t!m»mlMi«*ytop«*iiia  occumxl  in  severely  intoxicated 
dogs  after  intravenous  adniinistm'iiou.'*  Other  hl«>od 
elinuges  after  HXl  intoxieution  an*  dcscrilMxl  in 
“BIimiiI  Studies”  under  11  (Section  22.2.1).  Aitn*nal 
analyses  after  I IX I  an*  discussed  under  11X2, 
‘‘S|K*eial  Stuilies"  (Six- lion  22.5.1). 

I’ROPIIYI.AXIS  AM)  TlIKHAPV  UK  SVSTKUM-  IxTOXU'A- 
TIOX 

Prophylactic  and  therapeutic  studies  have  1mx*ii 
eo)i(x*nnxl  with  the  prevention  of  systemic  intoxica¬ 
tion  by  HXl  alisorlieil  through  the  skin.  In  order  to 
la*  etfeetiw  and  significantly  to  lower  the  mortality 
mte  (3  ti),  extirpation  of  tin*  ixintaminutixl  skill  must 
iNxxtr  within  15  minute*  after  tlie  application  of 
20  mg  kg  (LlKn)  of  the  fnx*  Ikiso.  The  pnn'iitcml 
udministmtion  of  XiijS-t  >»  was  markeilly  suixx*ssful 
(mortality,  I  1 1 )  if  given  pmphyliM’tically  I  minute 
iiefiirc  similar  cx|>osun*s,  hut  only  ernitie  n*sults 
obtained  when  Xa-fM  b  was  given  tliemiM'iitieally.***' 

PlIAK.MAIoUMli  UK  Tilt.  IhllKOIATII-  DkKIVATIVKH 
OK  11X1 

TIh*  toxicity  of  tin*  transformat  ion  product*  and 
oilier  derivatives  of  HXl  an*  shown  in  Table  5. 

l-Kthyl-l-UJ-ehlomcthyl lethvlenimoniiim  ehloriile 
d«M*s  not  |>oe*c*<  marked  paru*ym|x*th»mimftir  ac¬ 
tion.  Large  doses  given  intnivoniaisly  to  rabbits  pro¬ 
duced  only  mild  tnuisient  salivation  and  no  pupillary 
i  hanges.**-5*'  It  is  not  a  mitral  stimulant,5*1  but 
causes  depression  wln*n  given  intmveniMisly  or  snl>- 
eutamxMisly  in  miix*  and  intmveniMisly  in  raWiit-.5^ 
Lirge  dosi*s  intmveniMisly  administeiixl  to  mbbits 
induix*  seven*  muscular  iiamlysis.'-4*  Administenxl 
MilK-utanixMisly  to  miix*  and  intmveniMisly  to  nils  at 
LI)*,  doses,  this  compound  producixl  delayed  deaths 
and  its  action  was  eompamble  to  the  pan*nt  amine 
with  res|>crt  to  weight  loss,  diarrhea,  and  (lie  absence 
of  leueo|M>nia.  Hat*  do  not.  show  the  neurologic 
syndrome  seen  after  intravenous  dosi*s  of  the  |>arefit 
amine.**  In  the  mhhit,  the  leueo|>eiiie  action  is  no 
greater  than  and  |>ossil)ly  less  th:ui  that  of  the  parent 
amine _  Init  weight  loss  and  diarrhea  are  oliscrvixl.** 

Ktlsyl-t#s-hlonM*thyl-<J-liydroxyethylamit!e  (HXl 
eblorohydrint  setns  to  produce  i|tialitatively  the 
same  i-.Tix-ts  us  the  |>arcnt  amitie.  Lirge  dines  given 
intmviwMtdv,  Mils-ufamxMidv,  or  iiiiru|M*ritotii*ally 
in  miix*  pnslmx*  symptoms  lunging  from  tremors  to 
ixmviilsions  accompanied  by  hy|ierirrital>ility  and 
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iiMHNinliimlml  hy|ieracllv»ty.  At  doers  intra¬ 

venously,  gasping  and  momentary  cessation  of 
respiration  m*cur  Isnver  intravenous  doses  (8  20 
mu  kill  caused  delayed  do-'  hs  similar  to  those  s«*eti 
ir  ruts  Riven  HNl  JU’l  intravenously.  I/iwer  stilo 
cutancous  doses  (12  20  mg  kR)  ami  intraperitoneal 
Ousts  (KI  «»  m«  kgt  produce  mixed  Owl  Its.  o0  per 
cent  of  tin*  animals  dying  within  2  hours  and  tla* 
remainder  in  2  ft  days  after  suffering  weakness, 
dial  rhea,  ami  weight  loss.  Still  lower  doses  given 
int rnprriUmetdly  ratw*  only  delayed  deaths.-11 
Ill  the  mldtit  hicher  dose**  caused  depression,  pro¬ 
gressing  netil  ileatli  ls*tw«*<ii  12  ;uul  Hi  hours  in  one 
instance  <Pi  mg  kgi,  le.tt  in  the  s«*eoml  instance 
(20  nig  kg'  depression  was  punctuated  l*v  a  period 
or  hym>n*\eitaliility  and  liy|s*Rntivity,  isnsihlv  a 
release  phenomenon.  Hobbit*  «nrvivi,d  <fi  mg  kg  and 
developed  a  mild  leurois'liiue* 

l-Kthyl-l-uf'liydeoxyetliyliethyleninionimn  chlo¬ 
ride  <11X1  hydix*\v  inline  i  given  to  mice  intrave- 
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tiiHisly,  siilirutnnconsly,  or  iiilni|s*rilomiUlv  at  Llh, 
and  supm-M*  doses  eauseil  arilte  deiOhs,  the 
animals  progressing  from  depression  to  weakness  and 
terminal  respiratory  roil vulsionr.  f liven  inlroprn- 
toneall.v,  the  compound  caused  a  significant  nurnwr 
of  dehivcd  deaths  among  mire  surviving  the  aeute 
toxir  artion.5*  Administered  intravenously  in  the 
raldiit.  this  rompouml  pnsluei*s  depression  ami 
paralysis,  death  Jiring  due  to  pnmlysis  of  the 
n^pimlory  mtiwW*1  Tin*  lU'pivjMiini  nwy  1*^ 

21  In  sirs, ^  the  pandytie  :u*tion  is  reversible,  and 
survivors  of  the  immediate  period  recover.3'*  This 
derivative  |miss«*sm*s  no  jmntsymptuhomimelie  or 
loueoptaiif  net  ion,  ami  survivors  sliow  no  m  ight 

loss.^* 

22, 1.2  Sjsieinw*  l’all»»l'i|tj  <»f  HNI 
Intoxirntion 

The  systemic  pathologie  aetioii  of  HNI  has  lsx*n 
stminxl  i«*ss  than  that  of  its  immoiogs.  Table  li  slums 
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tfi<*  intensity  of  total  systemic  injury  and  of  indi¬ 
vidual  lesions  following  intoxication  by  Ll)»  doses 
administered  by  various  rrsites. 

At  0.5  U)»  doses  flte  |i;ittem  of  oliservntions  was 
not  so  eonstanf.  The  funking  lesions  were  lymphoid 
atrophy  after  intnivenons  administration  and  gas¬ 
sing,  and  enteritis  after  sulmifnncou*  administration 
and  cutaneous  application.  Myeloid  injury  was  tlie 
mildest  lesion  by  any  route.  The  severity  *rf  ieueo- 
penin  at  0.5  LI)*  dos«s  relative  to  other  lesions  was  a 
noteworthy  oliservation  and  did  not  appear  to 
pandlel  the  damage  to  the  lymphoid  tissue  or  the 
Isrne  marrow.11 **" 

In  mbbits  given  MX  I  IIC!  intniveeMisly,  enteri¬ 
tis,  lymphoid  injury*  varying  severity,  and  moder- 
ate  damage  te  the  isine  marrow  have  liven  olwerved, 
and  Oh*  last  lesion  in  this  species  parallels  the  letiro- 
|ienii.,  except  when  recovery  from  leueopenia  was  in 
progress  at-  tlie  time  of  sacrifice.5*"  Following  the  skin 
application  of  MX  I  in  rabbits,  lymphoid  atrophy  and 
enteritis  lire  more  severe  than  the  Irone  marrow  in¬ 
jury.  the  latter  paralleling  the  leueopenia.511 

In  the  iiImivc  pathologii  studies  no  injury  occurred 
to  tlie  upper  alimentary  canal,  the  oral  cavity, 
pharynx,  esophagus,  and  stomach  living  free  of 
lesions  following  |ion-ntcm!  administration  and  cuta¬ 
neous  application  (when  ingestion  was  prevented ). 
Following  intulmtion  of  IIXI-IK'I  in  mMiits,  con¬ 
striction  and  con  gist  ion  of  the  stomach  was  u  fre¬ 
quent  oliscrvntion  and  one  instance  of  hemorrhage 
in  thediKslenem  was  recorded." 

Judging  from  the  rat  scries,  it  is  quest  ion  aide  that, 
the  severity  of  enteritis,  Isine  marrow  injury,  and 
lymphatic  tissue  damage  is  sufficient  to  account  for 
death  of  tlie  animals.51" 

22.1.3  Some  ObservatlTins  on  Human 
Intoxication 

In  men  inadvertently  exposed  to  IIX I  vapor,  the 
most,  prevalent  symptoms  were  conjunctiviris,  laiyn- 
gitis,  bronchitis,  hoarsen, coughing,  elevated  tem¬ 
perature,  nuust-a,  and  vomiting.  Random  total  and 
differential  white  cell  counts,  in  many  instances 
lacking  values  in  the  critical  peril  si  after  (*xposurc, 
slmwid  no  significant  variation.11  It  isnppnnvt  ''int 
most  of  the  clinical  symptoms  rrsultnl  from  local 
irritation. 

Conjunctivitis  and  acute  asthmatoid  bronchitis 
developing  from  exposure  to  minute  quantifies  of 
IIX  I  vajair  have  Iss-n  re|s tried  as  on  idiosyncrasy  to 
tlii»-  agent.  At  hospitalization,  temperature,  hjood 


count,  hemoglobin  determination,  ami  sedimentation 
rate  were  normal;  tlie  n “suits  of  urine  analysis  were 
negative.* 

22.5  MKTIIYL  (*<(0<:lll,<>m>KTIIYI.) 

\MINK  (IMCIIM)K  \MINK,  HN2.  11.10. 
TL  lift.  S) 

22.5.1  Pharmacology 

Toxicity 

The  tnxieity  of  11X2  on  administration  by  various 
routes  is  shown  in  Table  7.  In  addition  to  these  data, 
tlie  LI) *  for  IIX2  intravenously  administered  to 
chickens  is  approximately  10  mg  kg.5*  Intravenously 
administered  to  pigeons,  20 tutil  15  mg  kg  killed  I  I, 
while  10  mg  kg  killed  0  I.5*  Rats  tolerated  a  total  of 
1,18  sulxaitaneous  injections  of  small  doses  of  11X2* 
IK'I  during  a  periisl  of  7  months,  ami  developed  an 
increase  in  resistance  to  the  systemie  effeets  of  the 
11X2.  timwth  was  negative  during  tlie  injection 
ficrioil,  and  a  mild  prugremivo  leueopenia  was  n|>- 
partnt,  but  there  was  no  extreme  depletion  of  the 
hematopoietic  system.  Seven  rats  given  0.1  mg  kg 
daily  for  1  day’s  showed,  at  the  end  of  this  course  of 
refloated  injections,  weight  loss  and  leueopenia  com¬ 
parable  to  that  seen  in  previously  unhealed  nits 
given  0.21  mg  'kg  per  ilay.;> 

Tlie  pmldem  of  contaminated  drinking  water  in¬ 
volves  the  administration  of  aged  solutions  and, 
whether  administered  by  inttilmtion  or  allowed  ml 
libitum,  must  ronrem  the  transformation  products  of 
IIX2.  Tims,  tlie  toxicity  of  aged  solutions  will  Is*  in¬ 
fluenced  by  the  tins*  elapsed  after  contamination  and 
bv  the  concentration,  pH,  and  iMifferingcapacily  of  the 
solution  (see ( ’hapten*  10 and  20).  The pharmaeologic 
properties  of  aged  solutions  an*  the  summation  of  the 
properties  of  the  individual  transformation  pnslucts 
whose  existence  is  permittixl  by  definition  of  these 
conditions.  Tlie  discussion  in  this  section  of  the 
properties  of  these  transformation  prisluets  makes 
gratuitisis  a  discussion  of  Hie  voluminous  data  on  the 
pro|>orties  of  aged  solutions.  A  review  of  the  subject 
is  available.* 

One  aspect  of  aged  solutions  may  lie  briefly  men¬ 
tioned  hen*.  The  di*signation  SR  has  Ixcn  given  to 
sulistances  arising  in,  and  imparting  unique  pharma¬ 
cologic  pn>|>erties  to,  aged  solutions  of  IIX2  ami 
IIX2  chlorohvdrin.  TIio  SB  which  tsviirs  in  ap'd 
solutions  of  IIX2  is  mctliyl-/3-chlons*l.hyl-|S-hydro\y- 
cthylnmine,  and  the  SB  present  in  aged  solutions 
of  the  cl.lorohydrin  is  l-methv!-l-(0-bydrovyothyl •- 
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T itl.l!  6.  S)>twiif  Hfrfl«  in  r»l»  of  /./)»•  ilimw  t>f  IIXI. 

Tltose  daln  are  «»»  average of  data  reported  in  detail."  Too aMueviatlons  Iv,  ip, rut,  amt  *tix  represent  if*|tpriivt |y  intne 
rm<AW>,  wtmilMfnn>,  rtiiuitetms  nifttiitatlkrti,  and  e*posiirr  of  «Ik*  »Ih4c  Issly  in  tin*  agent  di->|a-r»etl  l»y  ntoinirniitui. 
Intravenously  ami  siilanitnneotisly,  a  notation  nl  IINI-IK1  in  ph.vxitvlogienl  *nlme  was  administered.  Tim  five  lta«e  wan 
applied  to  .ho  sk'n. 
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cthylcnimtniinm  ettloriiltv"'- '  These  sultslnnciM  nr- 
ciwnt  for  tin*  phnrmaetilogie  proportion  of  I  lit*  agtsl 
solution  «if  11X2  nttd  of  tin*  chlon»hyilrin.SJi 

PliAliM\roiiV\.\Mii'i* 

f  hdi'iergie  Art  ion.  Tin*  eliolincrgie  action  of  IIN2 
in  simitar  to  tin1  cholinergic  action  ot  injected  acetyl¬ 
choline,  ami  tints  shows  muscarinic  action  on  gland* 
anil  sintottli  nniaclo  <|mni*ym|<ttUiiimimciic)  amt 


nicotinic  action  on  autonomic  ganglia  anti  skeletal 
muscle.  Parasympathetic  effects  liave  liccn  nltsen.Ttl 
following  parenteral  ndministratpm  t»f  tlic  liy«lr»»- 
cliloritle  in  various  species,' a%M  ■  "  and  ill  mWnts 
following  parenteral  administration  of  the  free  l,asc.r- 
Tlh’se  pam*yir.|mtiictic  effect-  <lo  not.  originate  cen¬ 
trally  (i.e.,  |»v  a  release  phenomenal-)  since  salivation 
i|cvc|o|ms|  in  tings  with  denervuted  salivarv  gland*. 7' 
In  iiortnal  animals  salivary  rc*|Niii«  s  were  prevented 
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by  prophylactic  administration  of  effective  doses  of 
atmpine.**f-7,-,:  However,  gastric  and  duodnu.il  secn»- 
tion  in  ilcrapitatcd  and  decerebrated  rats  was  only 
altered  by  stirh  treatment  and  not  preventix!.7* 
At  rapine  fail, si  to  hImiHsIi  tin*  salivary  n^ponse  onep 
secretion  bad  •>cgun,7'"c  failed  -wen  to  alter  gastric 
and  duixlcnul  secretion  in  decapitated  rats  when 
given  therapeutically,”  anil  hail  no  effect  on  sur¬ 
vival.*”'  s‘;  f  B  7*  Since  atropine  failed  to  art  on 
salivation  therapeutically,  the  site  of  the  mitsrnrinir 
action  of  IIX2  would  appear  to  lie  peripheral  to  the 
sjt«  of  atropine  action  and  may  lie  located  within 
the  effector  n*ll. 

<  Itolincstomse  inactivation  by  11X2  ,nv  could  lead 
to  the  accumulation  of  acetylcholine  within  the  ef¬ 
fector  cells,  but  it  has  lieen  emphasised *  that  the 
conccn' ration  of  11X2  tciiuired  to  inhibit  eholin- 
e*‘enise  in  vitro  is  gteater  than  that  requited  with 
other  inhibitors,  and  that  eserine  itself  potentiates 
the  action  of  11X2.*"'  ” 7*  In  addition,  it  is  not  clear 
that  acetylcholine  accumulates  in  spite  of  cholin¬ 
esterase  inactivation.  For  example,  then*  was  no  ac¬ 
cumulation  of  acetylcholine  in  ritro  when  brain  tissue 
vas  inculiatetl  in  saline  containing  eserine  ami  11X2, 
although  an  accumulation  occurred  in  the  presence 
only  of  eserine.  This  circumstance  gave  rise  to  tla* 
mifiRcstion  that  IIX2  inactivates  choliruu-etylase  as 
well  as  cllolinester!Lse.,",,  Xor  doi-s  cholinesterase 
inhibition  se»*m  imfilicateil  in  riro  since-  in  the  i-at 
intoxicated  with  11X2  the  arterial  bliss!  pressure 
does  not  fall  on  stimulation  of  the  peripheral  end  of 
tlie  cut  chorda  lingual  none,  whereas  such  stimula¬ 
tion  pnsluccd  a  fall  in  the  cscrinia*i|  cat.",, 

TIm*  isolated  gut  of  the  rabbit,  cat,  and  rat  was 
reversibly  stimulated  at  low  concentrations  in  Tv- 
rode’s  solution,  the  stimulation  1  icing  bliskeil  by 
pneviiHis  treatment  !»■  atropine.11*  **  74  Alsive  a  iam- 
cent ration  of  200  mg  I  them  was  an  initial  stimula¬ 
tion  followed  by  depression  which  sis»n  Itccmnc  ir¬ 
reversible  by  washing.*** 

The  lichnvior  of  Miss!  pressure  following  11X2 
administration  is  attriindahle  to  muscarinic  and 
nicotinic  actions,  in  the  a  nest  ho  tired  animal,  blissl 
pressure  fell  (muscarinic  action  9  following  administra¬ 
tion  of  11X2,  and  in  the  atropinired  attest  hot  ixed 
animal  a  rise  (nicotinic  action)  in  lihsnl  pressure  in’- 
curred.  *•  «  74  In  spite  of  symptomatic  control  of  tie* 
immeoiate  c/Tix-ts,  the  animals  failed  to  reixivcr  from 
the  anesthetic  and  died  of  respiratory  failure  with 
blissl  pressure  at  shock  levels.*** 

11X2-11(1  at  a  concentration  of  10  mg  I  Imd  no 


direct  contractile  :  let  ion  on  the  isolated  frog’s  net  no 
aWnmina*  blit  augtncntcil  the  contraction  produced 
by  small  doses  of  acetylcholine.  This  eserine-like  ef¬ 
fect  was  reversible  by  washing.  A  concentration  of 
200  mg  I  caused  a  direct-  stimulation,  in  addition  to 
augmenting  the  effect  of  acetylcholine.**  11X2  free 
iwisc  applied  directly  to  the  intact  heart  of  the  pithed 
frog  increased  the  heart  rate.  Applied  directly  to  the 
seiatie  nerve  of  a  frog,  it  did  not  hlis’k  motor  im¬ 
pulses  in  the  area  of  contamination.  Injected  into,  or 
applied  directly  to,  the  gastrocnemius  muscle  of  the 
frog  it  priHlucrd  contraction.4* 

Central  Action.  In  unancsthetizcii  animals  central 
excitation  is  manifest  at  high  doses  hut  this  factor  is 
different  from  the  immediate,  direct,  intense  con¬ 
vulsive  action  of  IIX3.  Unsustained  convulsions  of 
varying  character  luive  l>cen  seen  only  after  large 
•loses  given  intravenously  in  rabbits, *****,’,4S  and 
never  after  cutaneous  or  sulieutnncoitH  administ  ra¬ 
tion.1 *'■* 

1‘aralt/iic  Action.  The  most  significant  plmmiaco- 
Icgtc  pno|ierty  of  11X2  in  large  doses’  is  its  (Kinilytie 
action.  Within  10  Iff  minutes  after  intravenous  in- 
jeetion  a  progressively  increasing  skeletal  musele 
weakness  appears,  liecoming  evident  first  in  the 
mu-clrs  of  the  head  and  nci’k  and  then  in  the  mi'scles 
of  the  extremities  and  thorax.***  *'-*  'Fliis  paralytic 
action  has  Inen  cum|»imi  to  paralysis  hy  nicotine  **f 
and  curare.***  Comparable  to  the  latter,  a  0.4  X 
It)-4  solution  of  the  11X2  approximately  I  minute 
old  at  ;dl  7.4  causeil  a  rapid  inhitiitintt  of  transmis¬ 
sion  across  the  myoneural  junction  of  the  frogs 
sartorius  muscle-nm-e  preparation,  the  inhibition 
licing  reversible  up  to  30  minutes.  IIX2  was  without 
effect  upon  the  excitability  of  the  nerve  or  muscle, 
init  caused  a  slow  progressive  reduction  in  contractil¬ 
ity  which  was  irrevcisible  and  continued  after  ex¬ 
posure.**'  Tiro  contractility  of  the  isolateil  frag 
sartorii  decreased  steadily,  and  a  complete  loss  of 
irritability  to  direct  electrical  stimulation  was  olr- 
served  eftcr  an  exposure  of  HO  minutes  to  0.01  M 
11X2.’* 

Comparable  to  tiro  action  of  nicotine,  respiration 
in  the  anesthetized  ilo g  was  initially  stimulated  for 
I  or  2  minutes;  tlien  some  minutes  Inter  a  larger  niid 
more  prolonged  stimulation  apficnrcd,  lasted  10  Iff 
minutes,  mid  was  billowed  in  one  ram*  by  depressed 
respiration  and  death  Iff  niinutes  later.  Stimulation 
of  respiration  is  presumably  a  >|Hs-ific  pni| leriy  of 
nicotine  ns  c»m|Kircd  with  curare,  and  serves  as  a 
major  diffcn’nce  in  the  action  of  tin’s”  «^ttt<|i;t*in*lt«. '*’ 
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Death  in  rabbits  treated  intravenously  with  20 
mg  kg  or  morr  tssurs  in  30  minutes  to  4  hour*,  and 
has  been  attributed  to  respiratory  faiiiiPt*.2*-  ***-* 

Paresis  of  the  lower  extremities,  proceeding  to 
flaccid  panilysis  Isdore  death  has  Iieen  oliservcd  in 
two  monkeys,  one  receiving  100  mg  kf(,  the  other 
receiving  J50  mu  kg  of  11X2  fme  *mse  on  the  skin. ,a* 

IMni/nl  /Mi/A*.  Tiie  symptomatology  of  delayed 
< tenths  in  the  smaller  lalsimtory*  animals  following 
intoxication  with  11X2  and  IIX3  has  Iieen  reviewed.* 
Tl«*  syndrome  is  characterised  l»y  failure  to  eat  and 
drink,  emaciation,  muscular  weakness  anti  debilita- 
tion,  watery'  diarrhea,  loss  of  Issly  temjMTutnre  con- 
tnil,  and  eventual  impairment  of  respiration.* 

In  dogs  intoxicatMl  with  I  mg  kg  of  I1X2-IICI 
intravenously,  toniiting  liegan  within  a  few  hours 
after  intoxication,  increasing  in  *  'erity  and  generally 
continuing  accompanied  by  -«:wexin  thnsigh  the 
second  anti  third  day.  Vomiting,  Ixith  early  anil  late, 
may  reflect  a  neurogenic  (or  perhaps  paralytic)  tiis- 
turiiancc  later  associated  with  intestinal  injury’.  Pro¬ 
fuse  salivation  was  sometimes  bet  not  invariably 
present.  Diarrhea,  usually  blood-stained  or  frankly 
hemorrhagic,  was  generally  present  on  the  second  to 
fourth  flays." 

As  a  result  of  profuse  vomiting  anti  diarrhea,  there 
was  Iom«  of  fluid,  electrolyte,  anil  protein  as  revealed 
by  the  following  biochemical  data:  (I)  reduction  in 
volume  of  Isith  extracellular  fluid  anti  circulating 
plasma  volume;  (2)  reduction  in  plasma  chloride 
concent,  at  ion;  (3)  rise  in  carlsm  dioxide  capacity  anti 
blood  pH;  (t)  reduction  of  total  circulating  plasma 
protein  (pmlsiMv  a  result  of  loss  of  pmtein  in  the 
diarrhea);  (5)  rise  in  concentration  of  plasma  protein 
(tlu*  result  of  a  greater  loss  of  plasma  water  than 
protein):  (tl)  a  variable  rrdi**fion  in  total  circulating 
red  cell  volume  whHi  may  Ire  accounted  for  (a)  by 
loss  of  cell.«  through  intestinal  hemorrhage,  or  (b)  by 
i»«  rim  seipiestration  or  trapping  t»f  cells;  (7)  vurialde 
ris«  in  hematocrit  (not  necessarily  proportionate  to 
the  reduetion  of  plasma  volume  in  tiie  presence  of 
<tdl  loss  or  change  in  cell  sire);  and  (R)  variable  rise 
in  hemoglobin  (or  oxygen  capacity)." 

Failure  of  oxygen  capacity  to  rise  as  markedly  as 
would  Ite  expected  from  the  rise  in  plasma  protein 
concentration  wggested  the  hiss  of  hcmoglotiin  or 
red  cells  from  the  circulation  or  transfer  of  plasma 
water  into  the  cells.  Loss  of  Ixidy  weight  resulted 
from  excessive  fluid  and  protein  loss  and  is  morr 
extensive  than  that  due  to  starvation  alone." 

Terminal  weakness  ami  coma,  preceding  death, 

SRC 


occurred  in  the  majority  of  dogs  in  the  third  to  tilth 
tiny  after  intoxication.  They  wen*  associated  with 
low  mean  femoral  arterial  IiUmnI  pressure,  marked 
oxygen  unsatumtion  of  jugular  blissl  (with  pre¬ 
sumably  normal  arterial  oxygen  saturation),  reduc¬ 
tion  in  Issly  temperature,  coldness  of  extremities, 
relaxation  of  the  anal  sphincter,  and  respiratory 
failure." 

Kxcluding  a  few  animals  with  severe  pulmonary' 
injury*  or  infection  ns  a  complication,  it  is  inferted 
tiiat  death  is  caused  by  anoxia  of  the  respiratory 
centers  due  to  peripheral  circulatory'  failure  brought 
on  by  either  ( I )  a  reduction  in  bhssl  volume  attribut¬ 
able  to  loss  of  proteins,  electrolyte,  and  water  through 
vomiting  and  dir.rrltca,  supplemented  hy  loss  of  red 
rells  through  as  yet  unidentified  channels,  or  (2)  un- 
(h'scrilsxl  changes  contributory  to  a  fatal  effect.  Nu 
sup|s)rt  is  obtained  for  tiie  theory  that  terminal 
cimilatory  collapse  is  due  to  exhaustion  of  either  the 
heart  or  arteriolar  bed,  in  conscfpicnrc  of  prolonged 
IsimlMmitnent  hy  humoral  vaswonstrirtor  agents. 
Despite  terminal  coma  and  hypotension,  intoxicated 
dogs  retained  eaniiovaseular  responsiveness  to 
adrenalin  given  intravenously." 

Xeiirologic  Injury.  In  Section  22.4.1  dealing  with 
UN  I,  it  was  stated  that  neurologic  injury*  occurs  in. 
rodents  intoxicated  with  IIX2  at  LI)*,  or  mprarLDs* 
levels  after  gassing  and  intruvenmis  administration. 
Tiie  reiuler  is  referred  to  that  section  for  a  description 
of  neurologic  injury*. 

IMhrrlHmerralinnK.  Bkssl  studios,  exclusive  of  thosp 
ctuiremc*’  with  the  leucocytes,  have  not  ls>en  in- 
formative,»"***,w»-“-,7»l,T4tt**  altlssigli  the  fre¬ 
quent  suggestion  of  hoims-on  rent  rat  i<*i  is  possibly 
significant  A  marked  thromlsirytopenia  has  Iieen 
reported.**  Some  bkssl  cluuiges  have  Isen  previously 
«lesrrilx*d. 

Kk*ctnx*nnliograpb  mortis  of  rabbits  receiving  I  -2 
LI) doses  of  IIX2  IIC1  intravemsisly  remained  es¬ 
sentially  normal  until  a  short  time  Isdon*  death  iuu! 
revealed  no  impairment  of  the  excitatory  or  con¬ 
ductor  systems  of  the  heart.3’’ 

The  chi'-”  renal  action,  highly'  variable  ill  relation 
to  dose,  is  depression  of  tubular  excretory  function, 
a  depression  rapidly  effected  by  2  3  LPm  doses  given 
intravenously  in  rabbits.  Smaller  doses  caused  a  pro- 
giwive  impairment  which  lsx*amc  maximal  in  5  10 
days  and  resolved  slowly.  It  was  not  demonstrated 
whether  the  tulsila:  injury*  is  a  delayed  n*sult  *»f  a 
direct  toxic  action  or  stvondary*  to  injury*  of  other 
organs.  The  rale  of  glomerular  filtration  was  not 
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consistently  affected,  I  icing  reduced  only  under  con¬ 
ditions  wlw*rc  circulatory  inadequacy  may  have  licen 
present.  Ax  judged  by  tl«*  mrr  occurrence  of  pro¬ 
teinuria,  there  wax  no  specific  injury  of  the  glomerular 
membranes.*  Blood  gas  analyses  indicate  that  intra¬ 
venous  administration  of  1 1X2- HC *1  did  no,  rnuse 
arrioits  pulmonary  injuiy  in  rabbits."*** 

pHAP.MAI-OUHiV  OF  TRAVHFORMATinX  PnoWITX  OF 

HN2 

Tlie  toxicity  of  the  transformation  products  and 
certain  other  derivatives  of  11X2  is  shown  in  Table  H. 

A  hydrolvacd  solution  of  HX2  containing  by 
analysis  flO  per  cent  of  tlie  parent  amine  as  I  -met  hyl- 
l-(0-cli!onx>thyl)ethvlenimnnium  chloride  (!)  pos- 
acsxex  phrrmncologic  properties  similar  to  those  of 
the  parent  amine.  Parasympathetic  effects  were  oli- 
aervd  immediately  in  rabbits  Riven  I  2  mR  kg  in¬ 
travenously,  and  were  blocked  by  atropine.  Large 
doses  Rave  immediate  prostration  and  death.  This 
solution  possessed  no  central  cxritatorv  eetion,  tait 
pnsiueed  typical  mttseular  pnmlysi-.,  anil  in  larRc 
doses  was  possibly  a  medullary  d<*prrsxant.*" 

Immediately  following  the  intmeamtid  injection 
of  t  ny.  kR  of  this  solution  in  the  doR,  there  was  a 
stimulation  of  respiration,  the  promptness  of  which 
suggested  stimulation  of  the  eliemoreeeptors  in  the 
carotid  sinus.  Miosis  was  not  prominent  at  any  time, 
blit  during  flu1  injection  a  marked  bradycardia  was 
otwerved.  Hie  salivary  response,  lieginuing  shortly 
after  the  injection,  was  more  marked  in  tl»o  ipsilate.nl 
tlum  in  the  eiintmiutcml  glands.  I)ors  Riven  the 
compound  intravenously  shown!  similar  responses 
after  a  latent  peri<xl,  with  the  exception  that  saliva- 
twin  was  bilateral.  With  rrx,»oet  to  the  onset,  dura¬ 
tion,  and  extent  of  v-eniting,  little  difference  wns 
observed  lietween  animals  reccivirg  intravenous  and 
those  receiving  intmeamtid  injections.  Unilateral 
edema  was  oliserved  within  a  fc«  hours  in  tissues  re¬ 
ceiving  arterial  libit  from  branches  of  the  eurotid 
peripheral  to  the  s**e  of  injection.  Death  at  IS  Iwairs 
in  one  d<.g  w  ,s  attribute*!  to  asphyxia  its  &  result  of 
marked  edema  of  the  glottis.  Tim  remaining  dog  de¬ 
veloped  bluish  diarrhea,  had  a  clonic  convulsion 
7 1  laairs  after  injection,  and  died  in  Sti  insirs.“* 

Dors  given  0.5  mg  kg  of  the  hydrolysed  materia! 
presented  a  similar  appearance.  I  fcio  dog  wax  sarri- 
ficixl  at  5  ilayx  after  a  clonic-tonic  convulsion  which 
left  the  animal  weak  and  moribumt.  The  brain  from 
this  dog  and  one  from  a  fatality  showed  no  damage 
on  the  surface  of  the  Intact  brain  or  incut  xertionx. 


Histologically,  there  were  small  areas  of  focal  necrosis 
scattered  throughout  theixrebrnl  lolie,  hut  significant 
evidence  of  vascular  damage  or  hemorrhage  were  not 
nss'.ictuux!  with  this  lesion.  No  eerelmllar  damage  was 
noted.***1 

Mice  given  large  doses  of  t -methyl- l-(d-chloro- 
ethybethylenimonium  pivrylsulfonutc  (II)  intra- 
vemaisly  or  sulmutaneouxly  showed  parasympathetic 
effects,  depression,  weakness,  and  death  in  from  1 
minute  to  12  Iwairs,  depending  on  the  dose  and  naite. 
Doses  (expressed  in  terms  of  the  hydrochloride)  of 
2.0  mg  kg  intravenously  and  2.4  mg  kg  snlieutnne- 
misly  cause  delayed  deaths.**1  Lciicopenin  is  a  con¬ 
stant  oliecrvntion  in  animals  given  lethal  doses  of 

A  3.4  X  IU~Mf  solution  of  II  I  minuie  old  at 
pH  7.3  reversibly  blocked  myoneural  transmission  in 
the  frog’s  sartorius  musele-nen'e  preparation.  This 
solution  hail  no  effect  on  excitability  of  the  nerve  or 
muscle,  hut.  unlike  the  parent  amine,  loss  of  con¬ 
tractility  was  delayed.*** 

Me»hy|-0-chlornot  hyl-0-hydroxyrthylnminc  hydro¬ 
chloride  (III)  given  parenterally  to  mice  gave  rise 
after  a  latent  period  to  depression,  followed  in  I  or 
2  hours  by  terminal  respiratory  convulsions  and 
death.  Survivors  of  the  immediate  eflfeets  sliowed  no 
evidenre  of  svstemir  intoxication  and  no  delayed 
deaths  were  olnerved.  Tlie  intravenous  and  intra- 
peritoneal  toxieities  are  lower  than  the  sulmitancous, 
suggesting  that  the  toxic  effects  of  this  eom|MHind 
are  propagated  through  l-nH*thyl-l-(0-hydroxyctliyl)> 
ethylenimonium  chloride  (IV),  sinep  suliciitnncouH 
administration  provides  conditions  favorable  to  the 
formation  of  the  latter  compound.**1  In  rabbits  largo 
doses  given  intravenously  produce  depression,  severe 
muscular  paralysis,  and  early  deaths.  At  lower  doses, 
paralysis  is  reversible.**1*"  Compound  III  docs  not 
give  rise  to  IcHcopcnia.**1*"1*4 

Prophylaxis  witli  Ncmn.ital,  nrethiine,  hexameth¬ 
ylenetetramine,  and  sodium  thiosulfate  protected 
rabbits  against  lethal  doses  ol  III.  Tlw  net  ion  of 
Xemlsitwl  seemeil  distinct  from  the  other  agents  in 
ihat  it  was  effective  in  low  doses,  7.5  mg  kg  of 
XetnlMitnl  affording  some  degree  of  protection  aRiimst. 
an  approximate  2.5  />/>_»  dose  of  III.  It  was  suggi-stcd 
that  this  distinction  might  Is*  tlie  result  of  a  covering 
or  “lytic”  action  at  spmfie  Inch  No  antidotal  value 
obtains  when  Xemhutal  is  given  thcmpcuticalh,  or 
when  anesthetic  doses  of  magnesium  sulfate  an*  given 
prophy tactically.  Occlusion  of  the  carotid  arteries  in 
unonesthetizefl  rabbits  during  cud  for  15  minutes 
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roiit*.  Thin  immediate  effect  was  followed  l»y  n  period 
in  which  the  animals  showed  partial  paralysis,  in¬ 
coordination,  an  '  ‘remors.  Death  accompanied  by 
terminal  eonvulskw*  occurred  in  a  abort  time.71 

1-Methyl-W/S-hydmxyethyKethyleninumium  pic- 
rylsulfonatc  (V)  on  parenteral  administration  in 
rabbit*  ami  mire  possessed  ewentially  the  name 
pharmacologic  properties  aa  *he  ehlorohydrin.**  hol¬ 
lowing  the  intravenous  administration  of  a  hvdro- 
lysed  solution  of  HX2,  <50  per  rent  in  the  form  of  IV, 
the  leueopenia  and  slight  parasympathomimetic  rr- 
tion  were  attributed  to  the  presence  of  small  amounts 
of  I.*1  Otherwise,  the  pharmacologic  pn>perties  of 
this  solution  agrre  with  those  of  the  pure  picrylsul- 
fonate  (V). 

Both  III  ami  V  block  myoneural  transmissim  in 
the  frog's  sartorius-fivrvc  preparation  with  some 
reversibility.  Unlike  the  parent  amine  and  II,  the 
burner  expounds  slowly  impair  the  excitability  of 
both  the  nerve  and  muscle  and  completely  lack  the 
effect  on  contractility.**1 

Prevention  or  Systemic  Erricnr*  or  HX2 

Sodium  thiosulfate,  which  reacts  chemically  with 
J1N2,  prevents  systemic  injury  if  given  in  dose* 
adequate  to  yield  relatively  high  bhssl  level-.  The 
sulrcutaneous  administration  of  0.5  g  kg  of  a  5  per 
cent  solution  of  soduim  thiosulfate  20  minutes  Ire- 
fore,  comlrincd  with  the  intravenous  administration 
of  0.5  g  kg  of  a  25  per  cent  solution  5  minutes  Ircfore, 
the  sulrcutancous  administration  of  40  mg  kg  of 
1IN2,  prevented  the  parasympathetic  effects  and  in¬ 
creased  survival  time  from  2  to  20  hours.  Animals 
similarly  treated  nrophylactically  may  survive  in¬ 
definitely  after  20  mg  kg  sulrcutaneously,  although 
they  showed  a  transient  feueopenin.  Control  animals 
receiving  10  mg  kg  ‘snlrciitanroosly  survived  only 
0  hours,  whereas  those  pret rented  as  alsrve  w:th 
sodium  thiosulfate  survived  indefinitely  and  showed 
only  a  transient  leuctrpenia.  The  protection  against 
5  mg  k«  was  almost  complete.  Simitar  protection  has 
!>ccn  shown  against  small  sulsnitanoims  doses  re- 
peated  rlaily  wlsm  *«slium  thiosulfate  is  given  nl  the 
same  time  lad  in  a  different  site.  This  prophylactic 
procedure  modified  to  piovide  sodium  thiosulfate 
over  longer  peril  sis  w;is  cffisUive  against  an  l.lk*  dose 
of  11X2  applied  to  the  -kin.1** 

Protection  against  intravenous  administration  of 
11X2- IK 'I  is  k1**  striking.  Sodium  thiosulfate  prr- 
ventisl  the  parasympathetic  cfhvts  and  protivtisl 
agninsi  tlie  paralytic  action,  Imt  not.  against  Icuco- 


penia  or  central  excitation,  the  intensity  of  the  con¬ 
vulsive  plienomcna  lieing  aggravated,*’* 

Thiosulfate  treatment  protected  against  the  acute 
prostration,  the  parasympathomimetic  action,  and 
the  rapidiy  developing  paralysis  includ'd  by  a  do¬ 
minate  hydrolysate  of  HN2.  The  animats  survivixl 
several  days  and  showed  no  leueopenia,  Imt  even¬ 
tually  died  with  a  late  unexplained  paralysis.  The 
protection  against  the  rapidly  lethal  effect,  of  20 
mg/  kg  of  <10-  and  120-minute  hydrolysates  was  found 
to  lie  complete.*** 

A  blood  level  of  75-125  mg  per  cent,  initiated 
prophylaetically  ami  maintained  by  repeated  ad- 
ministration  of  sodium  thiosulfate  protected  against. 
7  hourly  intraxenous  doses  of  l  mg/kg  of  I-methyl- 
1-O-ehloroethybcthylenimonii'm  chloride  (as  a  45- 
minute  hydrolysate).  This  ptophylartie  procedure 
is  equally  effective  against,  topical  applications  of 
HN2.  Initiated  up  to  15  minutes  after  the  skin  ap¬ 
plication,  the  treatment  is  also  of  great  value.  Imt 
when  initiated  after  30  minutes,  the  course  in  such 
animal*  is  similar  to  untreated  control*.5*1 

Hexamethylenetetramine  (HMT)  likewise  afford* 
some  pnitcctiw  action  when  gix-en  in  adequate  doses 
prior  to  the  administration  of  HN2.  The  lethal 
effects  of  10  mg/kg  of  IIN2  applied  to  the  skin  of 
rats  under  Nembutal  anesthesia  were  materially  re¬ 
duced  by  the  parenteral  administration  of  5-8  mg  kg 
of  HMT  rhi*  treatment  was  initiated  by  the  intra¬ 
venous  injection  of  I  g/kg  1  minute  Isdore  the  IIN2 
and  sustained  by  repeated  sulicutancouH  injections. 
Delay  in  treatment  until  15  or  30  minute*  after  the 
HX2  application  lessened  the  efficacy.*7'  Infiltra¬ 
tion  with  HMT of  the  sulieiitaneim*  tissue* surround¬ 
ing  and  lieneath  an  arra  of  skin  eontaminatiim  de¬ 
creases  the  letlud  effects  of  10  mg  kg  of  HN2.  How¬ 
ever,  specificity  of  HMT  in  (hi*  respect  is  somewhat 
olisruml  by  the  fact  that  a  significant  reduction  in 
mortality  oiTurreil  when  saline  was  irxxl  for  infiltra- 
tiim.5,r 

Single  iiitulmtions  with  HMT  in  do*es  ranging 
from  0.5  3.0  g  kg  30  or  <50  minutes  licforc  placing 
20  mg  kg  of  f  1X2  on  the  shaved  Imrk  of  fasteil  rats 
(under  Xcmlmtol  nnesthesmt  gnx’e  a  signifunnl  n*- 
duetion  in  mortality  rate.  Plasma  samples  taken 
30  <50  minutes  following  the  HMT  showed  a  con- 
1111101111*1  afmve  50  xt  nxil.77'*  Hats  bxl  diets 
containing  10  per  cent  iIMT  over  long  periods  were 
not  pt,.,cctcd  against  the  systemic  toxicity  of  11X2 
ul*!*irlird  thriMigli  *be  skin  nor  wen*  tlx*  skin  burns 
diminished  in  intensity.77'  Intulmfiun  with  IfM  P  Is*- 
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fore  the  skin  application  of  12  mg  kfe  of  HX2  re¬ 
duced  the  toleranre  of  rats  to  a  second  done  of  20 
mg  'kg  of  HN2  Riven  10  weeks  inter,  as  compared 
with  control  rats  receiving  rn»  IIMT  t>nt  otherwise 
Riven  the  name  treatment.*7' 

In  dogs,  fluid  replacement  lieginning  at  the  time  of 
intoxication  and  continued  during  critical  illness  ap¬ 
parently  induced  the  toxicity  of  an  U)*  dose  of 
1IN2  II(’I  given  intravenously.  (Sluoosc  and  sodium 
lactate  did  not  seem  to  lie  an  improvement  over 
naline  alone.  When  intravenoun  raline  or  Haline  in 
gluroNc  wan  instituted  in  extremely  ill  and  comatose 
animals,  dramatic  recovery  from  deep  coma  wan 
HomctimeH achieved.  Other  therapeutic  agents  (amino 
acklH,  glucose,  .itamin  B  complex,  etc.)  were  given 
preliminary  tests  without  succeas." 

Therapeutic  measures  specifically  concerned  with 
alleviation  or  correction  of  leuropraia  have  met  with 
no  better  success  than  therapy  of  other  systemic  in- 
jurieH.  The  administ radon  of  the  !curopytows-pm- 
moting  factor  of  Mcnkin  following  the  subcutaneous 
intoxication  of  goats  **  ami  the  intravemais  intoxi¬ 
cation  of  dogs  **  was  without  effect.  In  the  dog,  two 
inject kms  of  the  leucocytosia-pmmoting  factor  48  and 
84  hiairs  before  giving  IIN2  prevented  granulocyto¬ 
penia  but  not  lymphopenia  (total  count,  at  sacrifice 
was  25,000  cells  mm1  and  consisted  of  90  per  cent 
neutrophils).  At  the  time  of  sacrifice  the  lame 
marrow  showed  marked  hyperplasia.  In  2  rabbits  in¬ 
toxicated  intravenously  with  2  mg  kg  of  11X2-  1I<T, 
the  intravenous  injection  at  the  lowest  point  in 
the  leucopenic  stage  of  enough  exudate  leucocytes 
to  raise  the  cisint  to  approximately  10,000  mm* 
neitlier  hastened  nor  retarded  the  effects  of  IIX2 
iiieath  oceuncd  within  tk  hours).**  Whole  blissl 
tmnsfuKxms  given  in  volumes  of  10  nnd  20  ml 
two  times  daily  failed  to  alleviate  (and  possibly 
accentuated)  leum|ienin  in  rabbits  given  2  mg  kg 
of  IIX2’I!CI  sulwutaneously.  The  mortality  rate 
was  increased  in  these  animals  ns  c<,m|>areil  to  the 
controls,  and  this  procedure  possibly  overloads  the 
circulation  nnd  thus  induces  cardiac  failure.* 

Is*ucoponia  in  nddtits  and  goats  intoxicated  l»v 
11X2  was  not  prevented  by  the  following  sulistanci-s: 
/•"chlnroxylennl  in  mcthylnrctnmidc,  sislium  succi¬ 
nate,  stsfium  fumamte,  ami  sislium  tartrate.**  fiver 
extract,  pentnucleotide,  liver  ext  rmd  nnd  pent  nuidco- 
tide,  methenamine,  and  thyrotropin  failed  to  pro¬ 
duce  any  alleviation  of  the  hematologic  changes  fol 
lowing  the  skin  application  of  an  U)M  dose  of  IIX2 
to  rabbits,  although  liver  extract  at  the  rate  of  2  or 


5  units  (I  unit  was  insufficient )  |s>r  day  gave  a  slight 
reduction  in  mortality  rate.41 

SPKCIAL  8TVDIEH 

In  rats  IIN2- IIC'I  produces  effects  similar  in  many 
respects  to  the  alarm  reaction  dcscrilicd  by  Selyc.,4i 
However,  the  late-appearing  gramdis'yto|s'nia,  Ismc 
marntw  injury ,  and  diarrhea  are  not  seen  in  the  alarm 
reaction.  Adrenalectomy  ineretiscd  the  sensitivity  of 
rats  to  HX2,  causing  earlier  death  (48  tK)  hours)  and 
exaggerating  the  intestinal  lesions.***  According  to 
Selye,  adrenalectomy  has  the  same  effect  in  respect 
to  the  alarm  reaction.  However,  contrary  to  hi«  state¬ 
ment  that  the  lymphoid  tissue  din's  not  atrophy  in 
adrenalectomiaed  rata,  atrophic  changes  were  found. 
Allowing  for  the  short  interval  before  death,  these 
changes  were  of  the  same  order  of  magnituile  as  those 
seen  in  sham-operated  intoxicated  animals.***  **  A 
marked  adrenal  hypertrophy  has  Ixvn  noted  in 
the  rat  after  intravenous  injection  id  all  agents. 
This  hypertrophy  was  due  chiefly  to  an  inerensc  in 
water  rontent,  although  increased  adrenal  nitrogen 
per  gram  of  lardy  weight  areounted  for  anno.  No 
change  in  the  concentration  of  asrorhir  acid  occurred. 
Total  cholesterol  concentration  dec  reused  and  the 
per  cent  of  free  cholesterol  showed  a  marked  in¬ 
crease.  Adrenal  phospholipids  increased,  particularly 
after  11X2  and  HN3.  Total  lipids  derreased. 

Although  the  nlmve  changes  are  concomitants  of 
intoxication  by  the  0-cldomcthyl  vesicants,  tliey  are 
also  sren  during  the  first  few  days  after  severe  thermal 
injury.  Tire  same  is  true  for  the  changes  in  the  electro¬ 
phoretic  pattern  of  plasma  in  dogs  nnd  tlie  increase 
in  plasma  rholestemf  nnd  fibrin  in  dogs  and  rafs 
(dose rilicd  elsewhere  in  this  chapter),  and  the  altove 
change  in  the  partition  of  cholesterol  in  the  adrenals 
of  rats,  for  all  these  rhnngcs  have  licen  noted  after 
scalding  or  freesing  the  skin,  cxpitsurc  to  X  rays, 
physical  trauma,  or  intradernial  injections  tur- 
p»*ntine.** 

Occlusion  of  the  blissl  supply  to  the  legs  of  ruts 
during  and  for  15  minutes  after  the  intravenous  in- 
iectiiHi  of  a  l.ti  Ll)u»  dose  of  11X2-1 K  *1  protected  the 
femoral  mamiw,  whereas  the  sternal  nnd  humeral 
marrow  Isx’ainc  aplastic.1**  Temjsinuy  is'diision  of 
tire  nf slominnl  ihh  ,a  tuid  inferior  vena  cava  during 
and  shortly  after  the  intravenous  injection  of  1IN2- 
!!'  ’I  prevented  the  development  of  gmnidiHytoponia 
and  protected  the  femora!  lame  marrow  in  rabbits.541' 
When  the  blissl  supply  to  the  smail  intestine  of  rats 
was  occluded  during  nnd  for  15  minutes  after  the 
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intravenous  injection  of  HX2-  H(1,  tlir  intestinal 
epithelium  of  the  treated  unit*  was  uninjured, 
whcimis  the  remainder  of  Hie  gut  showed  nit  oral  ions 
characteristic  of  l!X2  intoxication.5*  ( Itohncsterasc 
in  the  kidney  hits  Ik-cii  protected  against  inactivation 
l»y  damping  the  renal  vessels  during  and  for  15 
minutes  following  the  intravenous  injection  of  15 
me  kg  of  MX2.'1  Ligation  of  the  common  hilet.net  in 
nits  prior  to  tin-  sulxntnnoons  injection  of  11X2-11(1 
did  not  prevent  the  intestinal  l<*sion,  thus  demon* 
strut  in*  that  these  an*  not  a  result  of  the  biliary 
sir  ret  ion  of  the  compound.5*1 

The  serum  of  nihhits  intoMcated  with  1.5  LDsm  »f 
11X2- IK  1  Ixvnmo  more  favorable  for  the  gmwth  of 
hemolytic  streptococei,  this  effirt  first  apiicuring 
nl*ouf  I  8  hours  after  injeetion.  Uniting  the  semm 
to  155  C  for  30  minutes  appeared  further  to  enluinee 
this  growth-promoting  property.511 

53.5.2  Systemic  Pathology  of  If  \2 
Intoxication 

The  seijuenir  of  events  after  LOj,  doses  of  HX2 
consists  of  a  relatively  asymptomatic  periisi  of  I  2 
days.  During  this  time  lymphatic  injury*  is  abrupt; 
tlie  thymus,  s{)leen,  and  lymph  nodes  involute 
rapidly,  showing  karvorrhexis,  some  knrvoiysis  of 
the  lymphocytes  and  a  depletion  of  these  cells, 
phagocytosis  of  the  dehris,  and  a  persistence  and 
proliferation  of  the  cpithcloid  cells.1  «.»•*.»»*.••  ..i.ssr.m 
The  hematopoietic  cells  of  the  Istne  marrow  show 
injury,  evidences!  by  changes  in  the  staining  mart  ion, 
vesieulntion,  and  fragmentation  of  nuclei,  and  nuclear 
alterations  in  the  megakaryocytes.1  *-5"' 5**T Tlie 
epithelium  of  the  small  intestine  shows  vacuolization 
and  nuclear  swelling/ 

Following  this  perii’.l,  anorexia,  weight  loss,  and 
nvieoid  diarrhea  ensue,  and  finally  prostration  and 
ileuth  occur.  During  this  time  lymphatic  atrophy 
jx-rsists.  Tlie  la-mat o|s>H‘tie  cells  of  the  marrow  dis¬ 
appear  uniformly  and  the  marrow  Us . .  m-s  aplastic, 
consisting  of  dilatisl  sinusoids,  fat  cells,  protein-rich 
fluids  with  a  scattering  of  surviving  cells  including 
megakaryiH-yti-s.  reticular,  and  endosteal  -Hs.  Tls- 
peripheral  hlood  is  seven-lv  Icucnpcni**,  due  to  a  pro- 
gn-ssive  fall  in  gmnulocvti-s.  TIh-  nsl  c»mnt  fall.. 
slightly  hut  reticulocytes  disap|>ear,  ami  it  is  eviilent 
that  the  production  of  hematopoietic  cells  has  ccas^l. 
Hie  small  intestine  is  distended  with  fluid,  and 
gastric  stasis,  possibly  attrilaitahle  to  pyloric  s|Ntsm, 
is  eiwisistently  present  in  small  animals.  Fmm  the 
pylons  to  the  iwmn.  the  small  intestine  shows  in¬ 


flammatory  and  degeiier.itive  changes  with  hy|»er- 
emia.  edema  ol  the  villi,  sloughing  of  the  epithelium, 
and  metnplastie  changt-s  i,i  tlie  persisting  and  n*- 
generating  epithelium* 

Animals  surviving  /</U  dos«*s  gradually  recover 
weight  iuiiI  show  restoration  of  Unu*  marrow  and 
lympiioid  tissue  and  a  return  of  leucocytes  in  the 
IN-ripheral  Mood.  'Hie  lymphocytes  mtum  rapidly, 
the  granulocytes  more  slowly,  and,  as  si-en  in  the 
rahhit,  recovery  is  characterized  by  a  shift  to  the  left 
in  thcnppcanmccof  psoiidoeosinophilit  polymorpho- 
nueh-ar  leue<K-ytes  containing  Uisophilie  granula¬ 
tions,  miM-ropolyeytes,  agranular  polyeyti-s,  b:iso- 
phils,  tuid  iN-easionall.v  abnormal  n-d  cells.5*  Ha- 
diarrhea  MultsidcH  and  the  inti-stinal  epithelium  is 
n -stored  to  normal/ 

t  Hher  animals  show  simitar  restoration  of  the  Ume 
marrow  and  leucocyte  count,  Imt  continue  to  lose 
weiglit,  with  or  witlmut  obvious  secondary  infection, 
and  die  at  a  remote  period.  These  deaths  do  not  ap¬ 
pear  to  lie  directly  relates  I  to  the  primary  effects 
of  II N2. 

In  mile,  rats,  and  rablats  gassed  at  Lfff) M  con¬ 
centrations,  most  of  the  vnpor  is  ultso rl>cd  in  tlie  ^ ' 
upper  "expiratory  tract  n  and  lung  damage  is  mini¬ 
mal/  Sufficient  agent  is  alisorlaal  from  these  sites  to 
indma- systemic  intoxication  as  evidenced  hy  hemato¬ 
logic  and  morphologic  changes  and  hy  the  occurrence 
of  ilelayctl  deaths. 

When  the  hydriK-hloride  is  givi-n  orally,  injury  to 
the  duodenal  and  jejunal  mucosa  with  ulceration, 
hemorrluige,  and  sometimes  perforation  'H•el|r;5‘,, 
wpiamiHis  metaplasia  of  the  intestinal  epithelium  is 
a  feature  of  hiading.  Presence  of  ftsNl  in  the  gastroin¬ 
testinal  tract  ap|K-ars  to  exert,  a  local  protective 
action.  Systemic  intoxication  can  result  from  ab¬ 
sorption  of  the  ngciil  from  the  intestinal  tract/ 

<  ‘omparison  of  the  delayed  systemic  effects  of  11X2 
with  other  leueopenir  agents  (e.g.,  Is-nzene  and  X 
rays)  show  Ilia!  it  is  remarkably  similar  to  X  rays 
; including  tin-  entemtoxie  action),  when-as  tjie 
parallel  to  Im-uzciic  is  less  evident/ 

In  rats,  11X2  produces  more  si-ven*  total  systemic 
injury  than  the  other  0-ch!oroct!iyl  vesicants.  Table 
f)  shows  the  intensity  of  total  systemic  injury  and  of 
individual  lesions  in  rats  given  Lth »  doses  by  various 
routes. 

\t  sub-LD-.n  doses  f  liese  lesions  are  usually  reduced 
in  severity,  but  on  suliciitniicott*  administration, 
misierate  weight  loss,  myeloid  injury,  and  leueo|K-n>ii 
coupled  with  mild  enteritis  ami  lymphoid  atrophy 
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TIk-xo  < Ini ii  tire  mi  average  of  ilnln  n»|Hiii«nl  in  ilelnil."  Tlio  nlriucvinliim*  iv,  «e,  1*111.  ami  #*.:■  u*pn«ent.  n-qs-rlivi-ly.  in- 
Imvi-umts,  xiilmilniMxmx.  mill  ctitrttterais  application,  nml  exposure  t*f  (In*  whole  lx  sly  In  I Im*  a  Rent  «|i»|n,r-<*tl  t<v  :i1<mn/..i- 
I ion.  1 11 1  ravenously  mnl  sulienlnnemisly,  n  solution  of  II \2  tl(  !  in  physiological  saline  wn»  mlniimstcn'il.  Dir  Inn*  linin' 
wn#ap|(lic:l  In  flic  skin. 
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yield  a  lotnl  systemic  injury  which  in  only  slightly 
lens  than  that,  neon  at  LDm  doses." 

In  a  small  norii*n  of  nthhit*,  nyntomir  injury*  wan 
equally  ncvcrc  lifter  ciitaneiNin  application  anil  in- 
travcniHin  ailminintration.  After  cutaneoim  applica¬ 
tion,  lymphoiil  atrophy  anil  I  nine  marrow  injury 
wen*  mmlcrate,  leucopenin  nevem,  enteritin  milil,  ami 
weight  lonn  very  mihl.  After  intravenous  atin  inistrn- 
tkm,  minh'nite  Imne  marrow  injury,  mihl  lymphoid 
atrophy,  severe  leucopenin,  moderate  enteritin,  ami 
mihl  weight  lonn  wen*  neon.*11-* 

Otlier  lenions  typical  of  systemic  action  are  not 
generally  found.  Congestion  and  edema  in  the  lungs 
and  gross  congestion  and  hemorrhage  in  tlie  traction 
ami  larynx  have  I  men  seen  in  animals  given  large 
sulicutaneisis  doses  of  a  solution  of  11X2  free  Imne  in 
trihutyrin.*'  Massive  pulmonary’  edema  occurs  in 
guinea  pigs  dying  within  21  hours  after  receiving 
5  mg  kg  of  IIX2  dissolved  in  peanut  oil  sulieiitanc- 
ously.  The  name  done  given  intraperitoneally  does  not 
cause  pulmonary  edema."''  Moderate  interaeinar 
fibrosis  in  the  pancreas  together  with  eilema  and 
some  nonsuppurative  inflammation  has  lieen  t-con  in 
tats  10  days  after  initiating  4  daily  intuliatiuns  of 
A  mg  kg  l!X2'll(’l  in  wiP'r.**'  In  monkeys  given 
AO  100  mg  kg  of  11X2  oit  i hr  skin,  the  outstanding 
pathologic  lesions,  apart  from  the  local  pathology, 
were  confined  to  the  lymphatic  tissues,  which  had 
almost  disappeared.'*** 

A  few  oliservations  made  on  the  .entral  nervous 
system  have  shown  that  lesions  ,;rv  difficult  to 
demonstrate  even  when  severe  functional  derange¬ 
ment  Ims  occurred.  After  tmslenitely  large  ihmes  of 
!IX2,  disiutegmtion  of  the  neuronal  elements  ami  of 
the  inters! itial  myelin  areoliscrvable  in  the  lenticular, 
thalamic,  ami  hyimthnlamic  nuclei.  Lesions  of  lessi  r 
grjulc  un'  deteetahle  in  the  caudate  nuclei.  TIm> 
cen'hnd  cortex,  porn,  cerciirltum,  rm-dulla,  and 
spina!  coni  an*  unaffected.  Tlie  blood  vessels  in  the 
involve<|  regions  are  not  primarily  injured  although 


smaller  vessels  of  eapillaty  si*e  are  frequently  rup¬ 
tured  and  give  rim*  to  pctechiae.**'  In  motil  eys  re- 
reiving  AO  100  mg  kg  of  11X2  on  the  skin,  coarse 
eosinophilic  granulations  in  the  eells  composidt  the 
I  sisal  ganglia  were  the  only  lesions  ol  (served  in  the 
tissues  of  the  central  nervous  system.'*** 

I.KreoToxK-  Action’ 

The  leueotoxie  action  of  HX2  was  first  reported  in 
gassed  mice."*  In  most  animals  intoxicated  hv  any 
route  there  is  an  early  transient  liauasytosis  which 
may  or  may  not  lie  ol (served  it  count*  an*  done  at 
2l-ii<Mir  intervals.*-*-***-**  *,‘*-**  *'  •**•  This  leueocytosis 
is  due  entirely  to  an  increase  in  granulocytes,  since 
the  lymphocyte  eisint  liegins  to  fall  almost  immedi- 
ately  after  injertion.  It  has  lieen  reported  that  the 
eosinophil  eisint  falls  as  rapidly  as  the  lymphocyte 
eisint.1"  In  dogs  under  Xemisital  anesthesia  with  the 
t  1m (racic  duet  cannulated,  the  lymph  isitput  during 
the  first  5  hours  was  at  first  increased  and  then  de- 
erensed,  wherein  the  lymphocyte  content  of  the 
lvm|>h  deiTeased.  Tliis  eireiimstiuiee  resulted  in  a 
normal  lymplmcytc  isitput  during  this  jieriisl.  One, 
two,  and  three  days  after  intoxication  lymph  flow 
was  isily  one-half  normal  and  the  cell  eisint  |s*r  cubic 
millimeter  was  very  much  less  than  normal.  Some 
1  he  decrease  in  cireulating  lymplus'ytes  was  greater 
than  the  deetense  in  isitput  of  lymplus'ytes,  it  was 
rtsirltidcd  that  then*  was  an  inereaseil  disapiienrancc 
of  lymplus-ytes  fnsn  the  blood  in  some  u»e.xplaim*<l 
fashion.*1  However,  this  conelusion  should  Is* 
weighed  against  the  known  short  life  of  circulating 
lymphocytes,1** 

The  total  lcuciM*ytc  count  ls*gins  to  ful!  lietwt-eii 
24  and  IS  hours,  n*fleeting  the  Is^ginning  deemise  in 
rimtlr.: iug  granulis'ytes  In  rabbits,  the  animais  most 
studied,  and  in  mice,  this  gninnhs-ytopcnin  culmi¬ 
nated  usually  in  3  4  days,  at  which  time  the  total 
leucocyte  cisiiii  approached  zero  after  LlJ„,  doses, 
and  few  remaining  gnmulis'vtes  showing  incnw'dl 


maturity.  In  the  dog  (lien*  is  a  suggestion  ttu*t  the 
fall  in  tho  granulocyte*  in  slower.  Animals  Riven 
2  mg  kg  intravenously  died  at  a  time  when  the 
granulocyte  count  was  relatively  high,  although 
there  won  almost  complete  depletion  of  myeloid 
tissue  at  death.  Thin  circumstance  was  attrilxitcd  to 
the  longer  life  cycle  of  the  canine  granulocyte.1*  This 
delayed  granulocytopenia  seems  confirmed  in  doga 
receiving  I  mg,  kg  intravenously,"  Imt  in  dogs  given 
1,  2,  an«l  3  mg  kg  subcutaneously  it  is  stated  that 
granulocytopenia  appears  pari  pn**u  with  lame 
marrow  injury,  and  that  the  granulocyte  count* 
reached  low  levels  in  3  day’s.” 

It  has  I  sen  concluded  that  smalt  intravenous 
doses  of  MN2  repented  daily  in  the  rabbit  have,  nftcr 
an  intermediate  slight  depression,  a  stimulatory  effect 
on  hctcrophilic  polymorphonuclear  leucocytes,  and 
a  mildly  depressive  effect  on  lymphocytes.  In  view 
of  the  complexity  of  the  procedures  the  original  re¬ 
port  should  lie  consulted  for  details.*1*1 

In  animals  surviving  the  culmination  of  hemato¬ 
poietic  injury,  regeneration  is  delayed  for  several 
more  days.  Meanwhile,  hematopoietic  centers  in 
other  organs,  notably  the  liver,  shim-  marked  evidence 
of  stimulation,  so  that  even  in  animals  dying  lietween 
the  fourth  and  seventh  days  some  restoration  of  the 
leucocyte  eimnt  may  occur  prior  to  death.  RaMiits 
given  3  mg  kg  intravenously  and  surviving  longer 
than  100  hours  had  “toxic"  psetidoeownophils, 
anisoeytosis,  mac  roc  tosis,  and  pcilychronmsia.*  In 
surviving  animals  the  lymphocytes  up|M*nr  io  recover 
licfore  the  granulocytes;  histologically,  marked  hy¬ 
perplasia  in  the  thvinus  and  lympii  nodes  parallels 
this  recovery.  Granulocytic  recovery  N  spectacular 
in  tl«‘  blissl,  the  wlijt  bliss!  cell  count  rising  from 
leu«s>penir  to  normal,  or  even  supranomuJ  levels 
almost  overnight.  This  phenomenon  appinrs  to  Is* 
related  to  Ms*  out|smring  of  immature  granulis’Vtes, 
and  regenerative  activity  may  persist  for  2  3  weeks. 
(In  soi.-*'*  rabbits  recovery  from  the  initial  leuropenia 
may  Is*  followed  by  a  .«ccond  porks!  of  Icucopcnm.1**) 
In  mi<s\  n  sfsi’ii's  isirtieularlv  sensitive  to  over- 
stimulation  of  the  !eueo|Miietie  tissue,  hyperplastic 
fis-i  lm\i:ig  tin*  dimensions  and  intensity  of  a  leuco- 
tnoid  n-»«  lion  have  l**cn  ol*-<  rvisl  after  a  3-  to  i-week 
interval.’ a,‘ 

Some  Observations  on  Human 
lnfoxk-*;;-,n 

Among  men  inadvertently  exposed  to  HN2  vapor, 
2  (•  complained  of  n:>*  >.  .  <  hoars  after  exposure  and 


I  vomited  for  12  hours  after,  but  those  symptoms 
paiwrd  off  by  the  second  day.  Two  patients  showed  a 
polymorphonuclear  kucocytosi*  (10,000  cells  mm’) 
on  the  first  examination,  Isit  the  mint*  fell  after 
ulssit  4  days  to  4,090  41, 000  cells  mm*,  with  suIwm*- 
quent  recovery.  Lymphocyte*  remained  within 
normal  '  '%  but  one  patient  showed  a  iemiMirury 

mvers  if  the  polymorphonuclear  leueoeyto- 
lymph  ,vti  ratio.  An  occasional  "irritaiiim"  cell 
(Tttrrk)  was  noted.  Platelets  tended  to  lie  on  tin*  low- 
side  '  »•••  1.  Hemoglobin  remained  within  normal 
limits  ir  »ll  ra.  **.''" 

22.6  rrisO-CIILOROKTH  YL)AM  INK 

(HN3,  TL  113.  1070) 

22.6.t  Pharmacology 

Toxicity 

fhe  toxicity  of  HN3  is  shown  in  Table  10.  The 
toxicity  of  aqueous  solutions  given  ad  libitum  to 
animals  is  not  readily  resolvaMc  since  the  experiment 
permit*  aging  of  tin*  solution.  A*  judged  by  weight 
loss  and  food  and  water  consumption,  adult  rats  in¬ 
gesting  solutions  of  IIN3  in  tap  water  in  concentra¬ 
tions  of  100  and  50  ppm  showed  toxic  reactions,  while 
those  ingesting  solutions  containing  25  ppm  showed 
only  minor  reactions.  These  effects  decreased  ns  the 
solution  aged.  Adult  rats  intulmted  once  with  freshly 
prepared  solutions  of  IIN’3  h attaining  Hi  ppm  (0.32 
rhg  kg)  or  metre,  showed  a  progressive  increase  in 
toxir  reactions  with  increasing  concent  ration,  and  the 
renrtions  wcu*  more  severe  than  those  oliservcd  in 
animals  ingesting  presumably  comparable  doses 
during  24  hisin'.1’1* 

When  growing  rats  «,re  fed  solutions  of  IIN3  in  tap 
water,  the  solutions  aging  during  the  experiment., 
dilutions  of  100,  50,  nr.d  35  ppm  showed  definite 
initial  toxicity  (judged  by  weight  loss  ami  fluid  con¬ 
sumption)  which  was  lost  by  the  third  day  and 
possibly  lirforc.1^ 

Pharmacodynamics 

I'tmruhirr  I  truth.  At  high  doses  given  aulieutnnc- 
ously  in  mice,  intravenously  in  rabbit*  or  eats,  and 
cutaruHsislv  in  raWets,  HX3  has  a  convulsant  action. 
On  ininivenmis  injection  in  the*  nilibit,  HN3-1ICI, 
followinga  latent  |»eriod,  produced  convulsive  seizures 
marked  by  severe  opistliottaui*.*’*  In  tin*  cat,  follow¬ 
ing  a  period  of  apiirehetisioti,  the  ronvulsions  alter¬ 
nated  lietween  periods  rr  opisthotonus  and  flexion.1*1' 
In  I sitli  sjircies  seizures  recurred  at  lower  doses,  and 
death  lias  lieen  attributed  to  respiratory  failure, 
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Tam.«  tO.  Toxicity  nMIN3 for  various  species.  (/.Dm  in  mg/kg.) 
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possiMy  the  irmilt  of  medullary  anoxia.  It  in  note¬ 
worthy  that  after  the  cutaneous  application  of  large 
dose*  of  HNS,  signs  of  central  nervism  system  atimn- 
lation  wen*  sren  in  rnMiit*.***'  The  convulsive 
symptoms  „re  I***  were  in  sulietitaneously  injected 
mice. 

The  aeute  convulsive  phenomenon  can  lie  com¬ 
pletely  prevented  in  eats  ami  rabbits  by  the  prophy¬ 
lactic  mlministration  of  sodium  pentobarbital  which 
prolongs  survival  time  but  does  not  prevent  death.*’ 

In  the  anesthetiard  cat  no  muscarinic  or  nicotinic 
responses  of  the  Mood  pressure  were  oltservcd.  In 
fact,  atropine  does  not  v»  -vent  a  temporary  aeute 
vasodepreasion  in  the  cat  following  rapid  intravenous 
injections  of  HNS-HC1.  In  doses  of  5-10  mg  kg, 
HX3IICI  caused  a  gradual  fall  in  blood  pressure 
over  a  periisl  of  several  hours,  shock  levels  even¬ 
tually  lieing  reached.  Transitory  respiratory’  stimula¬ 
tion  followed  intmvenmis  injection  of  the  com- 
pisind.5*' 

Paralgtit  liralh.  Below  doses  which  are  immedi¬ 
ately  convulsive,  there  is  a  progressive  ilevelopment 
of  muscular  weakness,  diarrhea,  rofclnew,  hypetev- 
eitabjlity  and  overactivity,  retropulsive  movements, 
tremors,  ami  incoordination,  culminating  in  pnwtra- 
tkm,. ultimate  failure  of  respiratior,  and  ilenth  *ifter 
a  num’s-r  of  Issirs.^  A  cat  surviving a  sulssaivulsive 
dt»se  and  sacrificed:  at  I  days-manifested  complete 


anorexia,  marked  paresis,  moderate  mydriasis  and 
pilo-erection,  and  a  severe  leucopenia  without 
neutropenia.** 

Matted  Death.  With  low  doses,  death  is  delayed 
from  3-n  days  ami  is  identical  with  the  delayed 
death  produced  in  systemic  intoxication  by  the 
other  0-eMorocthyl  vesicants. 

IMher  Pharmacologic  Praperlie*.  IIN3  pomcmiew 
porniympathicolytic  properties.  In  nnesthetised  rnl>- 
bits  and  rats,  1IN3-IIC1  blocked  the  vagtil  fillers  to 
the  heart,' *»  *0«*>  and  Mocked  the  aetion  on  the  heart 
of  the  parasympathomimetic  drugs,  nrctylcholinc 
and  pi^ocarpinc.,IM,, 

At  a  concentration  of  1/150,000,  I  INS  •  If  Cl  de¬ 
pressed  the  tonus  ami  rhythmicity  of  isolated  rabbit 
gut  immersed  in  TyrotleV  solution,  and  tis*  depres¬ 
sion  was  irreversible  by  washing.  An  increased  tone  of 
raMiit  gut,  induced  by  I  (10,000  pi!  orpine  nitrate, 
was  depmeed  by  IIN3  IICI  ir.  a  <v.«t:>en  trillion  of 
I  30,000,  ami  further  response  to  tlie  smooth  muscle 
stimulant  was  prevented.51-  Home  bloisl  elumges  al¬ 
ready  have  liecn  desrrilieil.  In  ruts  given  11X3  in- 
trnvemsisly  no  alteration  in  blissl  etdeium  occurred.” 

Pharmacouhjy  ok  tiik  Transformation-  Prooi  its 
of  IIX3 

The  toxicity  of  (lie  transformation  products  and 
other  derivatives  of  HX3  is  shown  in  Table  l|. 
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or  magnitude  of  the  fulling  leucocyte  count, 
and  2  3  dor*  failed  to  survive  tiic  experiment .*"* 
BAL  administered  intrspcritunently  in  mtstl  hours 
after  catnncuus  apph:  ation  of  a  1.5  /./)»  dose,  fnitotf 
to  give  protection  and  appeared  to  cnliance  the 
toxicity  of  HX3.*1  Medication  with  aminnpyrine  had 
no  influence  on  mortality  rate  or  survival  time  of  mice 
injected  subcutaneously  with  1IN3*II(*I  at  LD*  and 
2  U)u  (ktsc#.***  The  intmperitoneal  administration 
of  adrenal  cortical  extract  did  not  consistently  mtxlify 
the  mortality  rate  or  survival  time  of  r  ts  intoxicated 
intravenousiy  with  nn  /./)*  dose  of  llX3-1in.a'r 

ScwiAt  Stt  niKH  ox  11X3  Intoxication 
Occlusion  of  the  circulation  to  the  small  intestine 
in  dogs  during  and  for  15  minutes  following  the 
intravenous  administration  of  I  mg  kg  of  11X3- IK  *1 
partially  protected  the  ischemic  area  as  shown  Im¬ 
post  mortem  examination.***  The  extensive  diarrhea 
ami  concomitant  fluid  kiss  were  pievented,  and  tlie 
average  survival  time  significantly  prolonged.  How¬ 
ever,  ultimate  mortality  was  unaffected  and  die 
elink’al  appearance  at  death  was  essentially  the  .-aim* 
as  In  unopemted  control*.  Mild  anorexia  and  vomit¬ 
ing  were  occasionally  present  and  weight  loss  was 
less  marked.  A  parallel  reduction  of  plasma  volume, 
extracellular  fluid,  and  total  emulating  protein  oc¬ 
curred  within  24  hisirs  Isit  was  reversed  l»y  48  hours. 
A  further  significant  reduction  (less  marked  than  in 
unopemted  controls)  cs-currcd  lietween  72  and  9ti 
hisirs  even  in  the  absence  of  fluid  and  electrolyte  loss 
l»y  diarrhea.  A  r  yiificnnt  Ntcopenia  was  present  hy 
72  fltilHSirs.  ft  (gemted  intoxicated  dog>,  daily  suIh 
rutancrais  saline  therapy  increased  fluid  loss  hy 
diarrhea  and  vomiting  tvs  compared  with  operated 
intoxicated  controls  not'  tu*  cn  therapy,  although 
fluid  loss  was  less  than  in  unopemted  controls,  and 
dkl  not  serve  otherwise  to  alter  the  rlinieal  eisirse  of 
intoxication.**  Protection  of  the  small  intestine  by 
occlusion  of  the  hltssl  supply  <luring  and  for  15 
minutes  following  the  intravenous  injection  of  11X3 
did  not  affect  the  mortuli«y  rate  in  rats  and  ralibits, 
and  only  slightly  prohmged  survival  time.5’" 

A  parenteral  tliernpy  consisting  of  amigen,  glu¬ 
cose,  anil  vitamin  B  (simplex  prevented  significant 
weight  loss  in  intoxicate  I  dogs  (1.0  mg  kg  intra¬ 
venously)  until  21  hours  Wore  death.  Survival  time 
was  not  prolonged,  and  all  dogs  receiving  therapy 
died  (the  dose  was  an  /./>«.).  Marked  vomiting  was 
pr*sent,  although  diarrhea  was  alisent.  In  2  dogs 
determinations  I  hour  liefon*  death  showed  a  marked 


reduction  in  plasma  volume  and  total  circulating 
protein.  In  2  other  dogs  examined  at  the  same  time 
no  significant  changes  were  found  and  these  2  sur¬ 
vived  24-48  hours  after  the  determination.5** 

There  is  no  evidence  of  renal  vasoconstriction  dur¬ 
ing  HX3  intoxication.  After  intravenous  administra¬ 
tion  of  I  mg  kg  of  HX3-IK'!  renal  IiUskI  flow  (as 
judged  hy  the  clearance  of  p-uminoliippuric  acid  at 
low  plasma  levels)  was  increased  in  dogs  at  24  hours 
or  later.  However,  incipient  upon  circulatory  failure, 
there  was  a  terminal  full  to  low  values,  with  no  con¬ 
sistent  change  in  the  filtration  traction  (glomerular 
filtration  renal  plasma  flow).  The  increased  clear¬ 
ance  of  p-nminohippuric  acid  ot*crvcd  at  21  hours 
argues  against  any  decrease  in  the  extraction  ratio 
of  the  sulistanee  and  thus  against  specific  renal 
tubular  injury.**1 

In  4  dogs  receiving  daily  intravenous  injections 
of  0.1  mg  kg  of  11X3 -IK 'I,  the  clinical  symptoms 
cliarart eristic  of  higher  doses  were  alisent,  and  the 
only  evidence  of  intoxication  was  a  moderate  reduc¬ 
tion  in  the  total  leucocyte  count.  In  each  instance, 
recovery  of  the  count  liegan  liefore  the  tentli  day.*** 

In  rats  intoxicated  intmvcmsisly  with  1.0  mg 'kg 
of  HX3-H(’I,  there  ap)ienrs  to  lie  increased  capillary 
penpealiility  of  the  intestinal  wall.  The  injection  of 
Kvons  blue  dye  (T-1824)  at  48  and  90  hours  after 
intoxication  was  followed  by  appearance  of  the  dye 
within  3  minutes  in  the  intestinal  wall  of  intoxicated 
rats  with  ligated  bile  duets.  At  this  time  the  fluid 
and  watery  intestinal  contents  showed  increasing 
coloration,  whereas  then*  was  no  significant,  colora¬ 
tion  earlier  (8  and  24  hisirs)  when  the  intestinal 
contents  were  still  solid.*51 

However,  the  disappearance  rate  of  T-1824  in  (logs 
intoxicated  hy  I  mg  kg  of  HX3- IK *1  intravenously 
administered  revealed  no  significant  increase  liv  the 
third  day  of  intoxication  us  compansl  witli  tls*  same 
animals  liefore  intoxication.  Titus,  any  possibk*  in¬ 
crease  in  the  permeability  of  the  capillaries  to  al¬ 
bumin  in  the  dog  was  less  than  tlie  errors  of  the  dye 
metlHsl.  Tlie  possibly  significant  increase  in  the  dis¬ 
appearance  rate  olisrrvcd  after  the  infusion  of  fluids 
on  the  third  liny  of  intoxication  would  tend  to  indi¬ 
cate  an  increased  loss  of  albumin  w  hich  agreed  with 
tiie  deficit  of  tls*  total  circulating  protein  (Imlunec 
studies)  in  these  dogs  within  an  hour  after  fluid  in¬ 
fusion.** 

Studies  in  water  and  electrolyte  Udanec  in  dogs, 
following  the  cutaneous  application  of  20  mg  kg. 
ha\c  shown  that  an  inereased  fluid  intake  paralleled 
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by  an  increased  ffnul  output  Itcgan  within  24  hours 
and  persisted  through  tlio  survival.  Accompanying 
the  exaggerate!  rate  of  water  exchange  wan  u  marked 
tow  of  cxtmrellulat  nml  intracellular  electrolytes. 
Tlie  Ions  of  extracellular  electrolytes,  attril>i:tal)lo 
only  in  f«irt  to  vomiting,  resulted  chiefly  from  a 
n-nnl  tlefecf  in  tho  tolailar  rralworpt'on  of  stslium 
and  ohlorido.  Approximately  50  por  rent  of  tho 
intraooilular  electrolyte  (potnwdum)  was  arcisinf  cd 
for  by  increased  cntnlsilism,  presumably  of  tho 
lymphoid  timin'.  TIm*  loss  of  tho  additional  inoromont. 
of  potassium  is  unexplained.  In  somo  animals,  cx- 
tnioollular  fluid  volumo  was  mnintainod  at  tho  ox* 
ponso  of  osmotic  dilution;  in  othors,  osmotic  h< •meta¬ 
stasis  was  maintninotl  at  the  expense  of  extracellular 
fluid  volumo.  Still  other  animals  showed  an  inter- 
mediate  course.  Variations  in  the  liemntoerit  and  in 
serum  protein  «-oneentmtion  were  related  to  varia- 
t  ions  in  extracellular  fluid  volume  and  concent  rations 
of  extracellular  stslittm.  Tfie  wastage  of  extracellular 
electrolytes  exhibited  by  tlie  IIN3-poisoncd  dogs  was 
not  unlike  that  enrtamtered  in  adrenal  insufficiency, 
although  serum  potassium  did  not  rise  and  no 
|Mth<;logie  change  was  evident  in  tlte  adrenals.0 

Systrmio  Pathology  of  IIN3 
Intoxiration 

In  pasturing  systemic  pathohigy  in  rats,  IIX3 
ranks  second  to  IIX2  when  all  routes  of  administra¬ 
tion  are  considered  ami  the  systemic  injury  is  judged 
by  lymphoid  atrophy,  myeloid  injury,  jeucopenia, 
enteritis,  nml  weight  loss.  The  wide  variation  in  total 
systemic  injury  from  mute  to  nmte  in  II  intoxication 
is  not  seen  with  IIX3,  although,  as  is  the  case  with 
all  the  agents,  variations  in  the  severity  of  n  single 
lesion  are  otiserved  from  nmte  to  nmte.  Table  12 
shows  the  intensity  of  total  systemie  ir.jury  and  of 
individual  lesions  in  the  rat  forming  the  administra¬ 
tion  of  /,/>*,  doses  by  varitms  routes. 


At  suit-/ j/)m  levels  these  lesions  maintain  approxi¬ 
mately  the  same  relationship  to  one  another,  with  the 
except i<m  of  leueopenia,  Imt  they  an*  reiluceil  in  in¬ 
tensity.  Mixlerate  to  severe  leueopenia  was  ot>served 
in  all  cases,  except  after  gassing,  following  which 
leueopenia  was  mild.  Severe  diarrhea  was  noted 
after  rutanesms  application,  slight  diarrhnt  after 
intravenous  injection,  and  none  was  nobs  I  after 
gassing.  '*«>■»•»  s 

In  ral>4>its  systemie  injury  is  slightly  less  tluin  in 
rats  following  intravenous  administration  nml  is 
alssit  (lie  same  in  Istth  species  following  cutaneous 
administration.  Intravenous  administration  caused 
moderate  mychtid  injury  and  mild  lymphatic  at  ruphy, 
which  were  together  reflected  in  a  moderate  leueu* 
penia.  Weight  loss  was  moderate,  and  the  enteritie 
lesiim  was  mild.**"  Applied  cutaneously,  IIX3  caused 
nuslorutc  lymphatic  injury*,  mild  myeloid  injury*, 
moderate  leueopenia,  mtxlerutc  weight  loss,  and  mild 
enteritis.  The  hematologic  changes  consisted  of 
lymphofienia  accompanied  by*  a  granttlocy tosis  on  the 
first  day.  TIm*  lymphocytes  remained  reduced  in 
nttmls-r  'luring  4  days.  On  the  third  'lav  a  granulo¬ 
cytopenia  lieeame  apparent.  Toxic  polymorphonu- 
clear  leucocytes  were  olworved  on  tlm  third  ami 
fiMiith  days.**1 

In  mill'  given  IIX3*  IK  ’I  sulKHtanconsly,  a  reduc¬ 
tion  of  circulating  lymphocytes  coincidental  to  severe 
injury*  to  the  lymphoid  tissue,  culminated  within  24 
hours.  Immature  granulocytes  disappeared  in  24  48 
hours  and  mature  polymorphimiirlcnr  leucocytes  de¬ 
creased  markislly*  in  numlicr  im  tlie  third  or  fiMirth 
day,  iMtmlk’ling  the  later-appearing  damage  to  the 
Immk*  mnmnv.  Tlie  only  other  rluuigrs  were  edema 
and  sii|ierfi('ial  erosions  in  the  tips  of  the  intestinal 
villi  and  n -generative  activity  in  the  crypts  with  no 
consistent  intramural  changes.**” 

In  mire  receiving  0.05  mg  kg  of  !IX3- IIOI  ihiily 
for  If)  tlays  by  suix-utanciniH  inject  ion,  mikl  leueopenia 


Tssr.i!  12.  Mystrmic  rffrets  In  rats  of  fJK*  tkmn*  of  IIN3. 

Thrsr  dais  urc  an  avrnur  of  its  In  rrporird  in  dcfalt."  Tfa  at  dircvial  j«.os  fv,  sc,  ml,  am*  gas  rrprrsrtil  rrsprrtivrly  inlrn- 
vctsais,  snltf-iitanmai*,  amt  col'-.nnsis  appls-nth**,  ami  rx|smirr  of  the  «rho4r  Issly  to  the  aprnt  (Hsprmrd  try  aOsnixalion. 
Ininnrrnoosly  and  stilmilnnostsly,  a  solution  of  IIX3-IK1  in  |ihysioi>gical  snlinc  was  administered.  The  flee  tm«r  sns 
n|)|iii(<l  to  its*  skin. 
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appeared  on  the  fourth  day  and  lowered  counts  worn 
prevalent.  during  the  remainder  of,  and  for  5  days 
alter,  the  injection  period.  A  moderate  to  seven*  rc- 
dnetion  of  the  alisolutc  ntimlier  of  lymphocytes  char¬ 
acterized  t he  entire  injection  peril* I  nnd  reei*very 
phase.  The  |>o!ymorphonurl<*ur  leucocyte  ciHints  wen* 
more  variable  and  indicated  a  variable  leivocytosis. 
Itednction  of  the  erythrocyte  count  and  of  the  hemo¬ 
globin  level  were  ol*sorved,  Init  these  changes  oc¬ 
curred  later  than  the  ehanp**  in  the  white  cell  count.. 
Thromliorytc*  wen*  not  at  any  time  reduced  and 
wen*  occasionally  increased.*1 

Histologic  examination  of  the  myeloid  tissue  indi¬ 
cated  tluit  normoldastic  changes  wen*  confined  pri¬ 
marily  to  the  polychnimatophilir  stage.  MveleltlaUs 
wen*  not  involved  npjwirrntly,  hut  a  striking  in¬ 
crease  in  polymorphonuclear  promychs-ytcs  oc¬ 
curred.  Myelocytes  showed  no  significant  change,  hut- 
a  two-  to  threefold  elevation  occurred  in  the  per¬ 
centage  of  mctamyclocyti*.  Megakaryocytes  were 
generally  increased.*1 

During  recovery,  polyehroniatophilic  normoblasts 
rapidly  returned  to  normal  or  suprannrmal  levels, 
while  tlie  promyelocytes  and  metamyelocytes  rapidly 
fell  to  normal  levels  ** 

It  has  iieen  courhidcd  that  small  intravemais  doses 
of  11X3  repeated  ilailv  in  the  raMiit  liave,  after  an 
intermediate  slight  depression,  a  stimidatoiy  effe<*t 
on  hetemphilic  polvmorphontielcnr  leucocytes,  and  a 
mildly  depressive  effect  on  Ivmplmrytos.  In  vk*w  of 
the  coimilcxity  of  the  procedures,  the  original  report 
should  Is*  consulted  for  details.*7,1 

leucopcnia  has  l»een  ilescrilaxl  for  inirr  exposed 
for  10  minutes  to  0.75  mg  I  of  IIX3,*  in  nitsingesting 
solutions  containing  100  and  50  ppm,  and  in  nits  in- 
tulxitcd  with  a  single  dose-  ' 

<  'hanicteristir  pathologic  changes  have  lieen  re¬ 
ported  after  sail  icutnnc4H!s  and  cutaneous  administra¬ 
tion  in  other  species  as  well  as  in  the  glaive  animals. 
In  addition,  cardiac  dilatation  with  flablHrass  of  the 
right  side,  and  congestion  of  the  liver,  spleen, 
adrenals.  ami  kidneys  were  reported." 

The  usual  systemic  injury  was  otisenoi  in  dogs 
receiving  10  40  mg  kg  of  II X3  on  the  clipped  shaved 
skin.  In  addition  renal  nermri*  involving  the  epi- 
I helium,  mainly  «it  lliedi-lal  convoluted  tuixih-*,  was 
considered  a  significant  lesion  relative  to  the  marked 
changes  in  electrolyte  excretion  which  occur  in  IIX3 
intoxication  “  Hennl  neenwis  ha<  not  Iren  reported 
el«ew  hen*  and  lacks  confirmation  in  cither  spries  and 
other  routes  of  administration. 


22.6.3  Some  Observations  on  Human 
Intoxieation 

Six  subjects  in  terminal  stages  of  inourahlc  diseases 
were  given  repeated  daily  intravenous  doses  of  0.1 
mg  kg  of  11X3  MCI  in  a  course  consisting  of  3  10 
injections.  Nausea,  vomiting,  headache,  malaise,  and 
tlniwsiness  wen*  the  only  immediate  untoward  sys- 
ternie  effects  oliservcd.  Iswal  reactions  eonsisterl  of 
thmmlxiphk'lHtis,  and  shmgh  at  the  site  of  extravasa¬ 
tion.  Tlie  hematopoietic  response  consisted  of  nliso- 
Intc  lymphopenia,  progressive  normrwhromie  anemia, 
thnimlssytojietiia,  and  severe  letteopenia.  with 
gniniikM-ytopcnia.  During  the  tlevelopmental  phase 
and  again  during  the  recovery  phase  a  striking  shift 
to  the  left  occurred  in  the  Schilling  differential. 
Symptomatic  therapy  with  hlood  transfusions  and 
I x*nt nucleotide  seemed  at  times  favorably  to  affect 
the  clinical  course  and  to  initiate  the  recovery 
phase."1 

In  normal  volunteers,  the  intravenous  administra¬ 
tion  of  a  single  dose  of  0.1  mg  kg  of  11X3-11(1  in¬ 
duced  headache  appearing  within  9  hours  and  per¬ 
sisting  for  |x*riods  as  long  as  1 1  hours,  and  nausea 
appearing  within  9  hours  nnd  persisting  from  13 
days.  Vomiting  and  anorexia  did  not  occur.  Dizziness 
and  weakness  were  felt  by  2  4  subjects.  All  4  subjects 
develop'd  thnsnlsiphleliitis. 

Blood  studies  showed  decreases  of  lymphocytes 
from  an  average  control  value  of  2,500  cells  mm*  to 
700  cells  mm*  liet ween  the  thinl  ami  sixth  days.  Tlie 
ciHints  returned  to  normal  by  tlie  fourteenth  to 
twentieth  days.  Fasting  blood  sugar  levels  and  elec¬ 
trocardiograms  showed  no  changes  in  2  2  subjects.** 
A  thnimlssytopenia  has  Iieen  olisen-ed  after  intra¬ 
venous  intoxication." 

In  volunteers  ingesting  2 -H  mg  of  11X3-11(1 
freshly  dissolved  in  tap  water,  symptoms  consisted 
of  anorexia,  recurrent  nausea  an*l  vomiting,  tenseness 
and  fullness  in  tlie  epigastric  region,  gaseous  enieta- 
tions,  and  o<-casi«inal  mikl  diarrhea.  Lassitude  and 
mild  depression  were  also  pr.Hninent.  These  symp¬ 
toms  wen*  more  pronounced  following  doses  of  4  and 
l»  mg,  were  mild  at  2  r.ig,  and  were  alisent  or  slight 
at  1  mg.  Hccovcry  was  complete  in  48  hours.*5* 

The  oral  ingestion  of  l  mg  3  times  daily  for  5  days 
was  tok-rated  with  m<xk*ratc  symptoms;  *vro very 
promptly  occurred  on  withdrawal  of  tlie  agent.  In 
tlmHP  subjects  ingesting  a  total  of  15  18  mg,  a  moder¬ 
ate  leueopenia  liecamc  ap|*nrent  in  5  7  “within  7  9 
days  after  the  start,  of  the  drinking,  and  was  more 
or  k-ss  persistent  in  all  instances  lor  jieriods  tieginning 
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7  2a  days  after  the  first  doses  and  continuing  for  as 
long  ns  7  weeks  after  tin*  first  dose."  Similar  Isit  less 
pronounced  or  definite  change*  were  olixcrvcd  in  men 
consuming  a  total  of  7  9  mg  and  no  significant 
changes  were  seen  in  those  ingesting  3  5  mg.  Among 
the  subjects  ingesting  single  doses,  only  one  (li  mg) 
developed  a  transient  leucopenia  10  days  later.  In 
all  cases  tliere  was  no  significant  alteration  of 
erythrocytes.1*  A  reeheck  of  these  subjects  18  months 
after  the  experiment  showed  no  further  disturimneos 
sjjecifically  referable  to  the  agent.*** 

Among  subjects  ingesting  varying  doses  (I wised  on 
the  imrent  amine)  of  solutions  of  11X3,  hydrolyzed  so 
that  l,l-h»*t/J*hydn»xyetbyl.'ethylenimonium  chlo- 
ride  predominated,  only  those  (2  2)  ingesting  the 
higlust  dose  (24  mg)  showed  symptoms,  consisting 
chiefly  of  nausea  and  vomiting.  There  wen*  no 
changes  in  any  subject  in  hemoglolnn  level,  white 
blood  cell  count,  hematocrit,  or  differential  smears 
during  30  30  days  after  ingest  ion. **•■ 

In  addition  to  local  irritation  (eyes  and  upper 
respiratory  tract),  headache  and  vomiting  have  !*een 
noted  among  humans  inadvertently  exposed  to  11X3 
vapor.  During  hospitalization  no  rliangcs  in  body 
tem|K*rature,  pulse  rate,  or  blood  pressure  were  ob¬ 
served  ami  urine  analyses  were  normal.1"* 

22.7  ISOPROP Y L-Af CIII/lROfTII YL) 
4MINK  (ISOPROPYL-S.  Tl.  .101) 

The  LDu  s  of  TI.  301  administered  as  its  hydro¬ 
chloride  to  varirais  species  by  various  routes  are 
given  in  Table  13.  TI.30I  is  more  toxic  than  IIX2 


T \m.F.  13.  Toxicily  of  b«ipnipyl-Af*{/?^hl<tnirlhyl)nniifir 
('•r  Variotw  *prrics.  I  in  m*  kg  > 


thsitc 

Aniiii.il 

l.lh. 

Itefermcr 

Sc 

Mkw* 

1.1 
«  IU 

Ifii.  23c.  HI 

lt.nl 

1.0 

ra.20 

231.  St 

Iv 

lt.nl 

0.5 

23r 

Italiliit 

ca.  2.0 

23r 

Or.il 

Misisc 

220 

23r 

or  11X3  when  injected  into  arimals  in  an  aqueous 
solution  of  it-,  hydrochloride.  After  suitmtuuciais  ad- 
miuistniti'in  in  the  mouse,  the  /,/)»  of  an  nqm*ou* 
solution  allowed  to  stand  until  equilibrium  is  nt»- 
tained  is  Is*  tween  10  ami  2*)  mg  kg.  This  solution  has 
only  one-tenth  tlie  neitrotoxic  action  of  similar 
hydrolysates  of  IIX2.*' 


TI.  301  possesses  parasyni|Kithii*olylic  action, 
-lowly  blocking  vagal  inhibition  of  tin*  heart  in  the 
an<*sthetizcd  rabbit  in  doses  of  20  to  30  tug  kg  given 
intravenously.  Unlike  the  action  of  atropine,  which 
i.=  readily  reveisible,  the  action  of  this  amine  and  its 
analogs  is  irreversible.  Unlike  11X2,  TI.  901  dots*  not 
stimulate  the  isolated  intestine  at  low  concentra¬ 
tions.  Higher  concentrations,  however,  pnsluee 
marked  depression,  which  is  overcome  by  immediate 
washing  but  not  by  pilocarpine.  Its  |*anisymput ho¬ 
rn  i  mo  tic  action  is  less  marked  than  that  of  11X2  tuid 
such  phenomena  as  have  licen  olwerved  with  TI.  301 
may  Ik*  central  in  origin.’ Parenteral  administra¬ 
tion  id  doses  results  in  MinmI  rliangcs  similar  to 
those  prmlucrd  by  other  0-ehloroethyl  v«*sieants, 
namely  atrophy  of  lymphoid  tissue  and  aplasia  of 
tin*  lame  marrow .*.»*.«■  •»*•  Causing  micr*  with  a  vapor 
dosage  equivalent  to  three  times  the  I.( Cl)*  results 
in  essentially  the  same  hematologic  and  pathologir 
clianges.*'*’  It  has  I  sen  concluded  that  small  intra¬ 
venous  don*  of  TL 301  repeated  daily  in  tin*  ralilnt 
have.  aftc*r  an  intermediate  slight  depression,  a 
stimulatory  effeet  on  lictcniphilic  polymorphonuclear 
leucocytes,  ami  a  mildly  depressive  offer*!  on  Ivm- 
phocytcs.  In  \  iew  of  the  complexity  of  the  pnaedurrs, 
tire  original  report  should  Ik*  eonsulled  for  details.*7'1 

l-Isopn>pyl-l-(^chlonicthyl)etli>lcnimoniHmchlo- 
ride  also  has  a  leneotoxie  action.7*1 

22 .*  COMPOUNDS  RKLtTKI)  TO 

nitrolkn  must\rds 

In  Tabh*  I  I  some  of  the  compound*  related  to  tire 
nitrogen  mustards  are  tabulated. 

It  lias  lK<en  empltasized  that  all  kueotoxie  com- 
|KHinds  in  Table  14  are  ea|)ahlc  of  cyclizing  to  form 
iinonium  ions.7”  extending  this  rom|Kirison,  a  eor- 
rciation  lias  Iktu  oliservcd  h*»wern  (lie  stil>ctdam-nu* 
toxicitiesof  I  he  hydrochlorides  of  vavitHL*  amines  and 
tin*  half-life  times  of  tin*  amines  in  aqueous  solution 
at  37  C  ami  /dl  7.1  (Table  15).*’  It  appears  tluil  tin* 
toxicity  vark’s  inversely  a*  tla*  half-life,  «.r  directly 
as  the  lability  of  the  amine,  when  allowance  is  made 
for  the  Matter  usually  encountered  in  toxicity  de¬ 
terminations.  'lids  circumstance  is  not  inconsistent 
with  the  deduction  from  chemical  data  that  physio¬ 
logical  reaction  of  the  nitrogen  mustanls  proce  .|s 
thnKigh  tin*  intemMsli.it  ion  of  the  cyclic  intonin'*  .on. 

It  is  isr-sjlde  that  correlation  of  toxicity  with  re¬ 
activity  extends  beyond  lability  of  the  amine  and 
peritajr*  includes  r  activity  of  the  cyclic  iinonium 
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Ttai.r  M.  TntMljr  «/  mm,xxmil»  rrhinl  to  nitrupn  muxtanlx. 

A  fom|xwnil  with  an  /./)..  lijr xnlieiitanooux  injection  <2.1  me  kg  ix  arlHltarily  omuHlrnal  toxic; 
Cnlrw  othrnrixr  »|rriH  tn  /rxNmXrx,  ihrArnipuiiiKl  wax  niiminiMrml  ax  the  hydrochloride. 
X.T.  •  nonioxie  l»y  xrnrtiin*  xtudy 

T.  »  toxic  liy  either  xctrrnin*  (sfr)  xtndv,  or  definitive  (drf)  xtudv 

>2.1  nqt  kg,  im miotic. 

(*om|xxmd  examined 

Itemark* 

Ili'f. 

1.  (' nm /Min ml *  nintninirvj  onr  tt^-hlnrortlki/l  group  per  .V  nlnm 

A.  Hrcondiirv  rnnincx 

1 .  Met  liyl-/#N*hlomel  hy  In  ml  nr 

X.T.,  rxxmciimltixlr, 
ttotileiirnli.xic 

23* 

2.  Utliyl-tf-rlilonx'iliyl.miin*1 

X.T.,  ttotinciinitoxir, 
mmlcitmtnxie 

23* 

B.  Tertiary  amiiicx 

1.  DH-thyl-O-rhlonrlhvlaminc 

X.T. 

ini,  23r.  20i 

Xetinttoxic 

2:1* 

Xinilmentoxic 

23*.  201 

2.  l)lnirihyM-rlil<iriijmn>yfani!m> 

X.T. 

101 

(*.  Qiialcmary  xaltx 

1.  Trim*  iHvI-(Hrhlon>rthyIfhh»)i»lhylnmmonmhi  rfilmw* 

T.  (tlef) 

1 

II.  CompuMMU  rontnioiog  Itm  /f-rhlnmnlkyl  j.  tti/m  prr  X  ohm 

A.  Menindnrv  nmiitrx 

1.  fc/x( iWhloroet  hv  1  inniinc 

X.T. 

231,  HMti 

I,rtimt«»xie  at  /.Dw 

23/ 

B.  Trrtianr  amine* 

1.  AliyMi*(|M,hl<irnrthyltaminc 

T.  <«W) 

lOj,  23f,  03 

Un*»tnxle  r.!  /.Dm 

23/ 

2.  Prn(»yl-fc<«((»fM< m x-Oi vitamin.' 

T.  (tlef  > 

104.  Ml 

ImnilDiir 

.17a 

3.  Holrl4**(d^M<i»*«rthr!tammr 

T.(xrr) 

104 

4.  »rr-H(itvl-iW«(5-f+il<irixMhvI (nminr 

T.Ixrri 

104 

.1.  frrf-K«l,"l4M(|4hliiniFllid)nminr 

T./*rr» 

•04 

<1.  uxRirirl4n(jali|iitnriti7l)Bffliir 

T.  (xrr) 

104 

7.  fcix/tf^lihinirthvl  WJ-rhhirixdlvhimiiir 

lenoHoxie 

57c 

R.  fc.x(<WliUinir»hylHF|irripynyiaminr 

Immlinir 

57c 

9.  bid til.  tenet  hvl  >^4-met  boxvel  h  viamine 

T.(xrr) 

104 

10.  (VrfcdirxvIdh'x/jMifcOTimhvitaminr 

T./xcr) 

104 

II.  HrtirvW»«( ff^li Pin xH hyl ki minx 

X.T.  (xcr)tt 

104 

l/midiliixir 

57n 

12.  Hirfutyl-6ix(3^>Himx>»hyl)nnmx> 

T. (xrr) 

101 

Inmiloiic 

57»i 

13.  */*[tf  [MA-Chl<x.rlliynnmitHi>tliyl]xlilfi,i.' 

T. (*xr) 

101 

14.  Vinyl  *-[fex(rfN>liliin*<tltyl)nmitin]rtliyl  xul/one 

1.1.  N,\\N\N'-/r/rni-ix(lM1iliin*.thyl  Ir'hvlenrdiaminr 

T.  <«W) 

20m,  23w 

T. 

Iflj.  23,. 

Xeiimtnxie.t 

Inmitiair 

23p 

10.  5ix(iM1ilonx'lhyl}-r-chlnm!xitylnminc 

T.(xcr) 

10k 

Ijrumtoxie 

57a 

17.  Mrthyl-fiiW/J*‘hlonx'thyl(hH*‘thyl)nminc 

T. 

lOj 

Ixatroloxk* 

57c 

1H.  KthyWixfrf-rlilonx'tlivIlliMiV'lhvInmino 

1 /urotoxic 

57c 

19.  Met  tiyl*5t*id4'hlol<n,>m,«yl  famine 

XmntlnxH'.J 

leneotoxir 

23* 

Quaternary  xalt* 

1.  fti»(rt-<'M<ir<«'tliyl  tdimctliylnnimnnium  eh  lore  ir 

X.T. 

Hth,  23/ 

XirfihMieotoxlr 

23/ 

2.  KihyhvinvhAoNrfx'hhinx'll.vitnntnviniiim  eldnridr 

x.r. 

ir«i 

3.  MiMliliinvlhyl  HiinqilHilinnini  Hitavlf 

X.T..  mmleiimtoxir 

23/ 

ifcftwiwtiwfn  tin  (lwr*»r  wi<l>  thmirtwy  Mnnl  b»-  r»H  &*sm.  mmv  ***m  I*  k«r  Wi*f 

►  9lU*iA4  hy  %*tw*4t»r>  mtm' .  *y**wnr  •4Un»  wr*  <p —m 4m*  f »  flwr  t*  fMMftftfc 

2  n«rt«wvl  Mi  —\mr. 

f  In  H-1'J  H)  *^4. 

•  fh  |**i|...lMw|{ioi  •«  *raf. 

•  Km*  hur  m  wHI  a*  tW  w«lrirWiolr, 

•*  S»  m**ir  ar  *)tr  ffrr*  hw, 

#•  Nr»t. 
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TaSI.k  14.  (Cimimutit) 

Compmind  examined 

Remark* 

lief. 

I).  ('nHnwitsI 

t.  hinftM'hloris'lliylV'hlwismim* 

2.  hhif^ChhtnsShyl^ilniHunmine 

X.T.,t  Xeurntoxie, 
nonlettcoioxir 

X.T.J 

23s 

m.K 

3.  X-h/*(/*-('lihm*lhyl)f<>rtnnmi<lr 

Xcurutuxic 

Xnnletimtoxic 

X.T.,1;  Xctirotoxie, 

23* 

23f 

23c 

lit. 

('om/mnini*  ro*//ti«/sy  Mere  0-rktomrtk#  f  nwy*  ftr  S  atom 

1.  h/sfa-Chhies'ihylhasdihimpriipylamifie 

nonlcticotoxic 

T.  (defir 

63 

2.  ihChlierihiih’itMlieiiii^laminr 

T.  (def)** 

63 

IV. 

Compnnml*  four  frrMarmlkjil  froM/m  prr  .V  stem 

1.  /r'mt/^iM'hhiru  thyltamimmium  rhhsidr 

X.T. 

20e 

V. 

Vmftnmifn! 

1.  IMcihyhJ-ehfciftipentylamine 

X.T. 

16m 

T mile  13.  Comparison  of  rmrtivily  nml  tmiriir  <4 
nmine*. 

aiffiqwiwwl in mff  k* for tnkr by nihnilur<itt> 
injection  of  I  he  hydmrhloridr  dtmlml  in  kiK^.  The 
term  f;  fin  minute*)  measure*  the  lime  neenwnry  for  imr- 
Imlf  >4  the  nmine  In  ryrliae  In  theethylenimonmm  inn  un¬ 
der  idiyuitiluKimi  conditions  (pit  7.4, 37  (').  The  term  tv 
it  the  srenndwirder  sprriflr  rrarthm  rate  fur  the  renetmn 
nf  the  rthrlcnimnahmi  inn  with  water. 


Compound 

Amine 

IT3C- 

livilv 

ti 

Kthylcn- 

imna-um 

JMSivilr 

tv 

lsupmpy  Mr/sfS-rbioror  t  hvt  V 
nminr 

I.t 

0.001 

1.30 

Kt  hv  1  -/»'«(  tf-cl  ilon  *•  l  hv  1  )n  m  1  nc 

1.2 

0.20 

0.07 

Pmjiy  W»/*(a-rli|onipi  hyl  )ntnine 

10 

0.100 

n.!r> 

l<u<vhhf«(a^iilonK>tliyI)nniim- 

rn.2.0 

0.24 

M4fi4 lihinsH  hyl  )amit** 

2.0 

0.44 

31.0 

Mel  hyl-hmf  tf-ehtororl  h  vl  b  mine 

2.rt 

1.5 

o.no 

Md-Chtons>l  hyl  hoxv- 

rthvlaniine 

fa.  8.0 

0.64 

Mh  hv  mirt  hy t-£-liy«i  -  ,*y- 

r!hyhmi«r 

to.o 

3.3 

0.23 

Din  hykkMieri  hy  famine 

<100 

2.7 

-0.01 

Kl  hyM-ehhirnrlhvliminr  I  .WO  Q) 

Mrll>rh<#-elilrin  ethyl*  mine  >l,(nT  tWV, 


hhi.w  Arronlinn  to  this  hypothesis,  the  amine  yiddin* 
the  most  reactive  imonium  ion  should  manifest  the 
highest  toxicity.  Column  4  in  Table  15  shows  the 
reactivity  of  the  ethyfoum-jnium  ions  of  some  of  tlie 
amines  in  rahimn  2.  Comparison  of  roltimns  2  nml  4 
shows  ilia  t  change*  in  onler  (e.*.,  1 1 X I  awl  1 1 X3)  are 
more  srrirst*  anti  powqldy  equivoratc  tlie  eon  elation 
between  toxieiMr  tif  tlie  amine  ami  reactivity  of.  the 
imonium  ion.  However,  it  may  lie  etnplMsisrd  that 
the  motion  rates  in  eolumn  3  are  rletrrmined  in 
homogenersis  solution  ami  may  not  lie  applicable  to 
complex  biological  systems.  Thus,  the  low  toxicity 
position  of  11X3  compared  to  the  hiith  reartion  rate 
of  »he  l,l^Mf#s4ilonicthyl)c!hylcnimiiniiim  inn, 
may  Is-  accounted  for  by  too  rapid  hydrolysis  of  the 
rinn,  or  an  even  faster  reartion  with  some  non- 
essential  cellular  constituent,  as  com  pored  witli  its 
reartion  rate  with  some  ement  in'  cellular  constituent. 

Purity  «f  ilata  pmhiliits  tlie  eomparison  of  t|»e 
toxicity  of  the  ethvleninioniiim  ions  with  their  re¬ 
action  rates.  The  pertinence  of  such  a  eomparison  is, 
moreover,  dmihtfui,  smer  the  amine  pmliuMy  cntifs 
the  cell  with  greater  facility  than  the  imoniiim  ion. 


Chapter  23 

MECHANISMS  IN  PRODUCTION  OF  CUTANEOUS  INJURIES  BY 
SULFUR  AND  NITROGEN  MUSTARDS* 

By  Hirilxri/  Henshnir 


23.1  INTRODt'CTION 

him  cmaptkr  in  concerned  with  basic  mechanisms 
involved  in  tin*  pnsluction  and  mitigation  of 
cutaneous  injuries  pnslurcd  hy  vesicants  of  the  sulfur 
and  nitrogen  mustard  serif's.  Attention  will  lie 
focused  principally  upon  lalromtory  studies.  Tlie 
<luta  and  concepts  concerning  practical  pmlrtcms 
Hating  to  tlie  skin  injuries  produced  hy  these  agents 
in  the  field  have  recently  Ircen  summarised  else¬ 
where.* 

It  is  considered  that  one  purpose  of  this  review  is 
to  provide  future  investigators  in  the  field  of  skin 
physiology  ami  toxicology  with  a  guide  to  the  infor¬ 
mation  and  hleas  gained  in  the  course  of  chemical 
warfare  investigation*  during  World  War  II.  Atten¬ 
tion  is  therefore  given  not  only  to  the  results  of 
studies  that  liave  culminated  in  definitive  results  of 
practical  import arce,  Isit  also  to  varitaisoIiservatioiM 
of  an  incomplete  hut  provocative  character. 

The  majority  ««f  the  investigations  haw  entailed 
the  use  of  mustanl  gas  [6r*(0-chlonif*thyl)  suits lej, 
II.  Among  the  other  agents  that  have  received  at- 
tentsm  are  “one-armed"  mustards  sueh  as  liwgyl 
0-chlonicthyl  sulfide  (Irmsvl-I  I  > ;  M**quinmstanl, 
I ^-AM(/J-eh Ion s^hylthio (ethane  (($);  6/j>(0-chloro- 
ef  hyltliiocthyl)  ether  (T);and  the  nitmgen  mustards, 
ethy  l-6i«(/t-chlanM*t hvl famine  MINI ),  methvl-6r*- 
(d-chh>riN>thyl  famine  (IIX2),  .3hI  frixf/J-chh  woethyl  i- 
nmine  (11X3). 

Some  of  the  principal  fimlings  may  I**  summarised 
as  follows.  When  II  is  applied  to  human  skin  as  liquid 
«»r  as  saturated  vapor,  it  penetrates  at  a  rate  of  alsstt 
I  I  eg  ctr.!  min  at  an  environmental  temperature  of 
75  F.  Alsait- 12  per  rent  of  the  penetrating  molecules 
rapidly  react  with  ami  are  “fixed”  l»v  nomlifTusaltk* 
components  (principally  proteins)  of  the  skin.  The 
mtiv.ining  88  per  cent  arc  carried  away  liy  the  rimtht- 
•  mi.  ( 'oosslemhlo  indirect  evslcnce  suggests  that  the 
fixation  of  II  molecules  fry  skin  proteins  is  the  initial 
step  in  the  chain  that  culminates  in  gross  cutaneous 
injnra*.  The  intermediate  steps  have  not  mletpiately 

•  Itnsnl  on  mformstsm  nvniLilitr  to  Ihc  National  IHwr 
Itcscarrti  Committee.  Division  9,  os  «f  Match  1,  lO’ft. 


Itcon  elucidated.  Lesions  of  vesicating  severity  arc 
associated  with  the  penetration  of  only  5  20  and  the 
fixation  of  only  I  or  2  ag  of  it  per  square  centimeter 
of  skin  (i.e.,  with  exposures  of  tally  a  few  minutes’ 
duration  at.  75  F  and  of  even  shorter  time's  at  higher 
temperatures).  Kvcn  when  human  skin  is  massively 
contaminated  with  liquid  11  then*  is  never  within 
the  skin  any  significant  quantity  of  free  II  that  is  not 
removed  hy  surface  decontamination,  i.e.,  hy  surface 
application  of  chlorinating  agents  or  hy  lilieral  wash¬ 
ing  with  H  solvents.  Thetefon*,  tliern|ieutic  attempts 
Imard  on  destnietion  of  free  penetrated  II  must  Ik* 
essentially  valueless.  Moreover,  no  significant  suc¬ 
cess  hie*  Iwen  achieved  in  attempts  to  remove  fixed  II 
from  the  skin  hy  procedures  which  do  not  thcrnsrlves 
produce  severe  injury,  or  in  other  attempts  at  early 
«*r  late  treatment  of  II  injuries.  Thus,  at  the  present 
time  the  pmrtiral  means  of  romlintiiif;  the  skin-in¬ 
jurant  art  ion  of  If  are  to  prevent  the  agent  from 
reaching  the  skin  ami,  once  it  has  reached  the  skin, 
to  effect  surface  dcrontaminatkm  as  rapidly  amlv 
completely  as  possiltk*. 

Sir  far  as  is  known,  the  other  sulfur  ami  nitrogen 
mustards  liehave  notch  as  does  II  except  for  quanti¬ 
tative  differences  in  penetration  rate  ami  in  injury- 
producing  rffcrtivmrs*  of  the  penetrating  mokvulcs. 

23.2  GROSS  AND  MICROSCOPIC  PATH¬ 
OLOGY  OF  VESICANT  RIKNS 

23  *.l  Pathology  of  Vesicant  Burns  on 
Human  Skin 

Ckxkrai.  Macroscopic  and  Clinical 
Observations 

Depemiing  upon  the  severity  irf  exptisure  ami  the 
.wisrcpt  Utility  of  the  exposed  tissue,  a  vesicant  may 
Produce  cutaneous  injury  characterianl  at  its  peak 
hy  macmscirpic  changes  varying  form  faint  ami 
transient  erythema  to  coagulation  and  necrosis  irf 
tlie  entire  epidermis  and  dermis  (roritim).  The  mani¬ 
festations  of  injuries  progressively  more  severe  than 
threshold  arc:  erythema  (E)  of  increasing  intensity, 
raised  (edematous)  erythema  (E‘>,  M-atteied  small 
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“jmiiImwI"  vesicles  (PHY),  and  one  or  several  lain*' 
blisters  or  vesicles  (V).  In  tin*  ease  of  still  mun* 
seven*  bums  tin*  central  region  may  In*  so  severely 
injun-d  tluit  tin*  pmresses  loading  to  tin*  nectunulu- 
tioti  of  edema  flnh!  an*  nm*stod  Irofon*  a  blister  i* 
prislm-ed.  Tin*  lesion  is  then  elinrarteriwd  l*y  a  Hat 
region  ol  coagulated  epidermis  and  curium,  often 
surrounded  l>v  a  narrow  annular  ( “doughnut “t 
vesicle.  •  hutisitmally  small,  relatively  mild  lesions  on 
the  skin  of  the  forearm  develop  neerosis,  eltarae- 
teriaed  by  a  whitish  eentmm  on  an  area  of  eiytliemn, 
without  or  previous  to  tiie  formation  of  inaero* 
scopically  visible  vesicles.*1  Furthermore,  men  ex¬ 
posed  to  the  vapors  of  II  or  nitmgrn  mustards  in 
field  and  rhamlter  trials,  particularly  under  Ik  it  and 
humid  renditions,  frequently  develop  on  various 
parts  of  tin*  lunly  areas  of  dty  and  or  moist  macera¬ 
tion  and  ilesqunmation  without  the  intermediation 
of  vesicle  formation. Tin*  skin  ef  the  semtum 
and  penis  treqnentlv  reacts  in  this  way,  althouich 
upon  occasion  large  blisters  may  develop  upon  the 
genitals  as  well  as  upon  other  so-called  sensitive 
areas  (e.g.,  tire  axillae*. *».r*s.u: 

11m*  tlegrre  of  incapacitation  produced  l»v  a  vesi- 
eant  burn  ■•epends  upon  its  location  and  site  as  well 
as  ii|Mm  its  severity,  t  Hirer  thirties  I  icing  equal,  varkais 
tj-pes  of  h *skms  may  lie  grouped  in  ascending  onler  of 
incaimcitating  |*.itencv  as  follows: 

1.  Faint  etytlrema. 

2.  IVfiniteen-thoma,  equivalent  to  faint  erythema 
with  dty  desquamation. 

3.  Definite  erythema  with  dry  desquamation  or 
pinhead  vesication,  equivalent  to  raised  'edematous* 
erythema. 

-I.  Definite  eryther-.  with  areas  of  moist  desqua¬ 
mation  or  frank  vesication,  equivalent  to  raiseil 
(crlenuitiKisi  etytlrema  with  dry  desquamation  or 
pinla*ad  vesication. 

5.  liaised  erytliema  with  arras  of  raw  desquama¬ 
tion  or  frank  v«*<ication. 

Regardless  of  the  ultimate  severity  that  an  II 
h*sion  may  attain,  there  is  an  initial  posi-expostin* 
period,  usually  i.f  one  to  several  hours’  duration, 
during  w  hirh  tlrere  is  neither  clinical  nor  •nacro-ropir 
evkh*n«s*  that  injury  has  lieen  sustained.11  *’  ■'*  K*y- 
thenra  then  develops,  to  la*  followed  by  tire  further 
changes  if  the  injury  is  sufficiently  seven*.  Inasmuch 
a*  tin*  interval  tier  ween  exposure  ard  tire  initiation 
of  irreversible  biochemical  changes  is  vety  brief  tsee 
Sections  23.3.2  ami  23. 1 ■,  the  nrajttr  part  of  the  non- 
readive  period  is  to  lie  regarded  a *  an  interval  l«e- 


tween  injury  and  grossly  visilile  reaction  rat  her  than 
as  nn  interval  lx*  tween  exitoxim* and  injury.  Negative 
though  macroscopic  evidence  is,  however,  careful 
cytological  oliservations  and  physiological  studies  on 
the  I ih ns!  vessels  of  the  dermis  do  reveal  that  detect¬ 
able  |Kithologieal  :'hurgt*s  have  set  in  within  a  few 
minutes  nfter  application  of  lii|ttid  II  to  human  or 
animal  skin  (see  Sections  23.2.1  and  23.2.5). 

In  the  ease  rtf  eirctimscrilred  r>x|M*rimcntal  bums  on 
the  skin  of  the  forearm  orul*domen,  the  height  of  the 
maetion  frequently  is  not  attained  uilhin  21  hours 
but  ««m*//;/  is  reached  within  IS  hours.1-  '’  'Hie  a|>- 
|H*anmce  (n't ween  21  and  -IS  hours  thus  stiflict>s  to 
give  a  good  measure  of  the  extent  and  nature  of  the 
damage  tliat  has  lieen  sustained. 

llepresentativc  data  on  the  time  course  of  the 
development  anil  licaling  of  cimnnserilNtl  ex|n*ri- 
mental  II  and  nitrogen  mnstnnl  (11X3)  (aims  of 
miHlemte  severity  on  forearm  skin  an*  pn*si*nteil  in 
Table  I.  On  the  other  hand,  injuries  caused  by  small 

T.ui.e  1.  I  Vvdopmrui  ami  healing  of  injuries  prodoo-d 
by  llie  vapors  of  II  -ml  HX3  on  skin  of  iIh*  liuman  fore¬ 
arm.1’ 

btonti»Mrp  vapor  nips  were  a|i|ilirtl  to  <hr  skin  of 
tlie  forearms  of  six  men  al  a  nsun  temixtsilure  Ml  -  I  F 
anil  rein  live  humidity  of  51  per  cent.  Tlx-  cX|Misurr  time 
to  II  was  10  minutes;  to  11X3,  Km  minutes.  Ina-nmrli  ^  _ . 
a«  the  volatility  *if  II  is  aliout  eiglit  limes  ,lnl  of  11X3, 

I  lie  vapor  <  l- -ages  (fV.-q  were  ctpi.il  (i.c., 

II  -  OS  x  11X3). 

.\|>|s^raiKctif«hin _ II _ 11X3 

First  Iran*  of  crythrmn  ( K-?  I  I  r  lesirs  I  —  hours 

IVfinitcerythema  IK*  2-3  lioi|rs  !. 5-2.5  hours 

It.-iisml  letlrmatisis  |  erv- 

tls-ma  ( K ' )  K-12  Issirs  J-S.5  leans 

Pinhead  ve-iralion'PIIV)  13-22  Iksiis  (I3rli»ur“* 

foak-nslMister(V)  -  lO-IXliours  (115  Pijliotir** 

Mnximiim-.i  »s|  Mister  »>r  rs- 

eroticarea*  40-72 li.xir*t  54-72  bouri’J 

t'om|*ie1eilenii<iation  of  -kilt 
'iii-farr  G  O  days  S-l2.5il.-iys 

Iteniov.-tl  of  -cal*  20  2**  ilavs  10  25*tay- 

fomph-te  healing  22-2!t«i'iysf  1 7-30  days 

•  1'i-itr  th-  m  l| N3  |— ssi-  is-sc-— •*  frum  Us-  K*  -twe-  ini  ifchiodi 

iscftdK  W**>**ti  %  tfie  fufmaiiMi  *4  v*-»  *-!*■»,  TIii*  *,(,i 

r*»  tli#‘  fl  |**M««t*  Ift  thn  Mite.  i*  ♦*#  t*n  |*f»tjts|  a*  »l*  |»1|tJ»  ft*  'i*  |ef 
it,  |rir*  ujMtfi  ctuiite  avl  t|f#«ft  tb**  »i**l  r#«#»  fH-*'*’—  itilr 

lt|s<fi  a  rharjclefi*f  If  tiifferem  r  InUmp  »h*  dfrefs  f|  i.nl  IINM  ll  « '•ti 
al-»  «*#•  ve*it,c  (•dm.di'tt*. 

♦  lUetagc  •  C.’ 

t  Ivefvve  m  .*,1  ts«f« 

t  \Wi*c  •  ;*.**<  tin*. 

\U1ire  • 

dines  „f  |ji|i,rd  |I  -Kid  2-chl<(r<nl.3-h/s'i#-<-|||i*r<s-t hy!- 
niempto iprtipaue  sometimes  take  ul suit  n  week  to 
nttnin  maximum  .severity  as  evidenced  by  m.-c  ro- 
s-opie  :tp|tiit ranee.  *  The  results  of  held  aod  ehaeils-r 
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trials  also  indicate  that  the  dcvolo|*ment  of  injury, 
and  certainly  the  maximum  incapacitation  tluit  re- 
su'ts  from  it,  are  considerably  delayed  after  exposure 
to  mild  and  moderate  dosages  of  I!  vapor  (i.e,, 
do^iiges  sufficient  to  produce  "injury  without  dis¬ 
ability"  or  "partial  disability,"  but  not.  "total  dis¬ 
ability.""4  Fresh  vesicles  sometimrsapjiear  on  various 
parts  of  the  Is  sly  as  late  as  7  12  days  after  ex¬ 
posure.  Analysis  of  the  results  of  an  extensive 
series  of  trials  in  the  tropics  reveals  that  more  men 
were  incapacit:  <ed  at  10  12  days  than  at  earlier  or 
later  times  after  ex|msure.,,T  In  spite  of  this  delay, 
however,  it  is  said  to  Is*  jiossible  as  iiirlv  as  the  first 
day  to  make  a  fairly  satisfactory  prognosis  of  rite 
degree  of  incapacitation  that  will  later  develop.'4"  The 
apparent  difference  lie  tween  the  times  for  maximum 
development  of  circumscrilssl  experimental  bums 
and  of  the  more  extensive  bums  sustained  on  various 
parts  of  the  Issly  in  field  und  chandler  trials  may  In* 
due,  in  part,  to  differences  in  the  severity  of  the  two 
tyjies  of  bums  as  usually  studied  ami  in  th<  criteria 
used  in  evaluating  them.  It  may  also  lie  due  in  part 
to  otlicr  factors,  such  as  the  size  and  location  of  the 
in  jowl  areas  of  skin  (see  Section  23.7).  The  results 
of  field  and  man-chr-mlier  trials  show  that  in  the  case 
of  very  seven*  va»N.  •  bums,  and  also  of  liquid  lint  ns 
which  are  almost  always  seven*,  nuicroscnpie  injury 
develops  rapidly  and  maximum  incapacitation  is 
sustained  within  I  2  days."4 

A  numlier  of  nlwrrvntions  liavc  licen  made  on  tin* 
liealing  time  of  vesicant  lHims.'5-4,i-7**‘""w  Again, 
lsith  size  and  severity,  and  possibly  the  post -exposure 
conditions  ns  well,  an*  im|mrt:utt  factors.  When  tin* 
injury  is  sufficient  to  destroy  the  entire  epidermis 
and  much  or  all  of  tla*  curium  (i.e.,  neemtizing 
lesi-ms),  tin*  liealing  of  ew«*  small  anus  is  slow  (i  c., 
ti  8  weeks).  Dosages  insufficient  todcstniy  tliccorium 
and  tla*  «lee|ier  islands  of  epithelial  cells  may  still 
pnsluee  vesication,  Imt  the  healing  time  as  evidences! 
by  epithelialization  may  then  lie  considemlilv  sliorter 
(i.e.,  2  I  weeks!. 

IVeliminary  observations  have  ls*en  made  on  the 
electrical  correlate*  of  dev«*loping  and  In*a1iug  cliemi- 
cal  bum*'. 44 

IIisTo«-«:ii'.d.  Sn  ov  «*»•  Hioesirn  II  Ki-rv* 

TIs*  National  IVfense  Rcsoarrh  Committis* 
[NDIM'l  gnsip  at  llarvanl  University  has  made  a 
liist.ilogie.il  study  of  a  hitge  serh*s  of  experitiwntul  !i 
bums  of  varying  severity.11  '*  I  jquM  II  was  tipplieil 
toeimimscrilinl  anas  of  human  alalominal  skin  am! 


tla*  sites  ,ven*  d<*contatniiiat«*d  after  predetermined 
e\|NKun*  times.  Sixty-one  «>xpo>ed  sites  were  ex¬ 
amined  histologically  after  surgical  excision  at  in¬ 
tervals  up  to  38  days  after  expoaun*.  The  severity  of 
the  injury  was  determined  prinei|>nlly  by  the  ex¬ 
posure  time  ami  the  environmental  temperatun*. 
Three  brood  eategories  «if  injury  wen*  defined  and  may 
Is*  describ'd  ns  billows:  '* 

1 .  Mild  or  xnbirnimliiiff  injurin'.  The  h*sion  mieh«*s 
its  aeme  with  little  or  no  vosieution  (i.e.,  at  most  a 
few  miliary  blisters  develop).  Mieruseopie  examina¬ 
tion  of  sites  exeised  3  ti  hours  after  e\|Mwure  «hnw 
swelling  of  nuele>  throughout  themalpighitui  layer  of 
the  epidermis,  and  hy|H*renua  and  edema  of  the  tips 
of  the  dermal  impilhu*.  Tin*  mitral  portions  of  the 
affected  nuclei  lN*coine  homogeneously  pah*  anti  the 
remaining  chromatin  is  scanty  in  amount  and  periph¬ 
eral  in  |Misition.  The  nueh*ar  swelling  does  not  neees- 
sarily  indicate  that  irreversible  damage  has  lN*en 
sustuineil,  for  many  of  tin*  cells  recover.  Twelve  to 
<>ighte<>n  hours  after  exposure,  however,  the  swollen 
nuclei  of  some  of  the  cells  IsTomc  pyknotic,  and  lysis 
and  disintegration  of  their  cytoplasm  takes  place. 
This  li«|iK*faction  necrosis  usually  is  umlcrgonc  by 
small  gnHips  of  ceils  located  ir.  tin*  dcc|s*st  portion 
of  tiie  malpighian  layer  immediately  uImivc  the  tips 
of  flu*  dennal  papillae.  Tliere  is  no  through-und- 
thrtHigh  destruction  of  tlie  epidermis  if  tlie  injury 
n*mains  mikl;  the  f«s*i  of  necrosis  do  not  continue 
to  enlarge  ami  so  remain  marroscopicnlly  invisible, 
or  at  most  lead  to  the  formation  of  miliarv  blisters. 
In  the  mildest  injuries  tlie  irreversible  damage 
(necrosis)  involves  individual  cells  rather  than  groups 
of  Cells. 

The  injury  often  reaches  its  |N*ak  so  far  us  the 
epidermis  is  ronremed  within  21  48  hours,  I  Hit  m*- 
'•asionallv  4  days  cla|>se  U*fon*  tin*  full  extent  of  irre¬ 
versible  change  is  apimrent.  The  injury  is  flicn  char¬ 
acterized  by:  (a)  diffuse  nuclear  swelling  throughout 
the  malpighian  layer,  with  varying  degrees  of  loss  of 
chromatin;  (h)  pyknosis  of  nuclei  within  some  cells 
tlmt  ot  Itemise  np|x-ar  to  lie  intact;  Se)  f«s*i  of  lique¬ 
faction  m*cro*i*  in  the  dee|N**t  laver  of  l In*  epidermis 
immediately  als*ve  the  dennal  papilhu*;  and  (d)  hy¬ 
peremia,  edenrn,  and  perivascular  mononuclear  in¬ 
filtration  of  the  dermal  papillae. 

At  3  1  ilavs  after  e\|N*Mirr  tie*  mild  injun*  is 
i  .'vanirtcrisrd  b\  (a)  augmented  drsqimniution,  h-ad- 

*•  Thr  results  an*  in  tp*w*nl  am  si  I  with  llsw*  lo*<,|  on  a 
smaller  ***rir-  «if  tsims  «>(  tlx*  f*m*ann  awl  |*n-smi«sl  in  a  re- 
|n»1  “  in  wltirli  llie  eariier  litera.nre  i»  reviewed. 


phcrkt 


482 


MKCHAMSM  OF  CITWKOIS  IXJIRY  BY  MIST4RIM 


in*  to  (Ik*  di*|xi*ul  of  dead  colls;  and  (b)  augmcntixl 
mitotic  activity  in  tlic  basal  layer,  lending  to  the 
replacement  of  the  di*stmyed  cells.  These  processes 
may  lie  olmrrved  for  as  Ion*  as  a  week  after  exposure. 
In  «ntm<  individuals  tliere  is  an  accretion  of  pigment 
anmnd  the  lesion  and  a  persist  cm  state  of  irritation 
of  the  vessels  of  the  underlying  dermis. 

2.  VniratinQ  injurie*.  During  flic  firvt  t»  12  hour* 
of  the  tractive  period  the  micmscopic  changes  am 
similar  to  those  seen  in  eases  of  mild  injury.  How¬ 
ever,  the  microscopic  foci  of  liquefaction  necrosis 
present  at  the  end  of  12  hours  continue  to  enlarge 
and  eunlcxcc,  so  that  eventually  all  or  most  of  (Ih* 
exposed  epidermis  Iss-omes  scfstnitcd  from  ami  ele¬ 
vated  altnvc  the  dermis.  As  the  Mister  develops  with 
(Ik*  further  accumulation  of  lluid,  erythema  gives 
way  to  iscliemia  and  the  lesion  Incomes  pule.  Tin* 
blister  fluid  consists  to  a  small  extent  id  tin*  detritus 
of  broken-down  cells  and  to  a  large  extent,  of  cilcmu 
fluid.  Although  most  of  the  disruption  of  epidermis 
from  dermis  occurs  at  tire  site  of  liquefaction  ncetrwis, 
then*  is  c  valence  that  the  traction  exert  id  on  living 
ami  relatively  undamaged  cells  at  tlic  margins  of 
vesieli*s  fn*qucntly  enlarges  the  lesions  lieyond  the 
limits  of  the  original  cytotoxic  damage.  There  is  more 
pmnouncid  exudation  of  mononuclear  and  polymor- 
phouuclcur  cells  in  the*  dermis  than  occurs  in  mild 
Ireim*,  and  sulixeqiicnlly  tliere  is  dcsicration  and 
magwlslhai  aerw w  of  all  or  most  of  the  mrimn.  He- 
pwMig  mgrrmth  of  cptfhefmm  from  the  normal 
epiih*rmis  at  (Ih*  margin  can  usually  lie  recognised 
within  72  lusirs  after  exposure. 

Despite  thisearly  evidence  of  regenerative  activity, 
(Ik*  damaged  eoriiim  is  at  first  ineiqiair  •  of  maintain- 
ing  (Ih*  newly  ngenoRitnd  <*piih*nnis.  Not  until  nlsstt 
the  second  week  is  th<*  marginal  ingrowth  of  epithe¬ 
lium  able  to  survive,  ’.‘id  not  until  ln'twccn  I  and 
w«<eks  after  exposure  is  die  ephlermal  rlefcct  nan- 
pletely  ami  permanently  healed.  Tlie  slowness  with 
which  permanent  epitlieliulisntion  is  nrromplislicd 
npimrcntly  dc|s-mls  on  the  functional  state  of  tin* 
dermis.  In  tin*  iwgittning  new  cpitliclium  grows  over 
a  dermis  tlud  is  ihxid  or  dying.  Frequently  a  brightly 
aeitlo|thilie  »mo  of  necrotic  collagen  ean  lie  rceog- 
niwd  Is'tWH’ii  viable  dermis  and  new  cphlemiis. 
Diler  the  tentative  epidermis  is  *up|inr1cd  bv  a  dense 
cicatrix.  Finally,  the  last  and  successful  crop  of  n*- 
gcncratcd  epithelial  «*ells  is  support  <*d  by  a  vaseular- 
i»x|  layer  of  lises*  connective  tissue  that  Inuis  a  close 
resemblance  to  the  original  curium. 

3.  I  mwixix.  The  mint  severe  type  of 


injury  leads  to  tlic  format  ion  of  a  lesion  Hint  shows 
vesication  imly  at  its  outermost  margin  (“doughnut " 
or  lUinttlar  blister).  Throughout  the  center  of  tin* 
lesion  the  skin  is  tunned  or  coagulated  in  such  a 
manner  that  fluid  never  accumulates  in  sulfleient 
amounts  to  Hc|>amtc  the  dead  from  the  living  cells. 
Maemseopically  the  centrum  Mx*omc*  pale  and  takes 
on  an  opaque,  |>archmciit-likc  ap|s*arann*.  In  (Ik* 
rnrly  stagi*s  of  reaction  such  mi  injury  is  micro¬ 
scopically  indistinguishable  from  milder  lesions.  In 
some  instances  ulsirtive  f«n*i  of  liqueftu'tion  necrosis 
ap|M*ur,  and  in  other  instances  nuclear  swelling  and 
pykiiosis  occur  thnsighiHit  the  etitin*  thickness  of  the 
epidermis.  However,  other  immediate  morphological 
changes  in  cells  or  in  intercellular  rrlutiunshi|>sdn  not 
develop. 

The  necrotic  epidermis  retuhis  all  or  a  large  part 
of  its  connection  with  the  dermis,  and  a  week  or  more 
cln|)Hcs  lief  ore  a  wmo  of  demarcation  lictwccti  the 
•lead  and  the  living  thwuc  U'conws  nx  ognixnlile.  TIm* 
ejiidermis  tngetlier  with  tlie adjacent  sum*  of  necrotic 
dermis  mmnins  in  xihi  anil  desirrutes  to  form  a  plate¬ 
like  sequestrum  which  apparently  interferes  with 
healing  so  long  as  it  remains  interposed  lictwtx'n 
the  margins  of  the  defect. 

Whereas  the  final  cirithclinlixatinn  of  a  vesicating 
ty|M>  of  injury  is  usually  accomplislied  within  I  5 
weeks,  this  more  severe  type  of  lesion  may  require 
srrerxl  weeks  Imyr  to  find. 

Zt**  Pilhnlifinil  Clianprs  in  Animal  Skin 

(  •KN'KRAL  OllSKRVATIOXS 

The  effects  of  vesicants  on  animrd  skin  ln:vc  liecn 
extensively  studied  and  arc  of  ini|Mirtancc  ls*caiise  of 
tin*  frequent  unavailability  of  human  material  for 
experiments  on  (Ik*  mechanism  of  vesicant  :u*tion, 
decoct  animation,  and  treatment.  More  or  less  com¬ 
plete  descriptions  of  tlic  seqiMtico  of  |mlho|ugirnl 
clianges  due  t«»ap|ilicat ions  ol  II  Iuixt  Isxxi  nqtortcd 
for  tin*  pig,***  goal,1*  dog,1*  mMiit,,i's,5T's*,‘  nil,** 
and  miMtse.  ■,  WI 

Tlton*  are  sevenil  otiviisis  anatomical  dilTereii.x*s 
lictwrcn  human  ami  animal  skin.  The  skin  of  most 
suitable  test  animal  i  contains  no  sweat  glands  in 
tlie  regions  wliere  extensive  ti*sls  call  practically  l.e 
earriixl  out  (l.e.  the  glands  are  limited  to  the  toe 
pruts  and  snout),  and  it  possesses  fewer  layers  of 
epithelial  cells  I  hit  many  morn  hair  follicles  than  the 
skin  of  man.  TIh*sc  dilTcioitcos  may  aff«x*t.  the  rate 
and  misle  of  (icnct ration  of  vesicants  and  of  ixcciblc 
tbenqs’iitie  agents  as  well/' 
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The  most  conspicuous  difference  la-tween  tin* 
pathological  responses  of  human  and  animal  skin  to 
agents  scich  u  ff  and  the  nitrogen  mustards  is  that 
animal  skin  usually  does  not  vesicate.  Kxccption*  to 
this  generalisation  arc  de*cril*-d  Mow.  As  nn  ex¬ 
planation  of  the  altsence  of  vesicle  formation  it  has 
liven  suggested  that  animal  skin,  liecause  of  its  thin 
epidermis,  is  so  completely  coagulated  that  extensive 
accumulation  of  fluid  is  impo*<il>!e.  Tlie  inadecpiacy 
of  this  interpretation  is  made  evident  liy  the  finding 
that  vapor  dosages,  ranging  from  those  which  suffice 
to  produce  only  threshold  injury  to  those  which 
destroy  the  entire  skin,  ordinarily  do  not  produce 
vesicles  on  the  usually  tested  areas  of  the  Isslv  sur¬ 
face-  of  pigs  and  other  animals.**  It  has  not  I  sen  de¬ 
termined  whether  the  alisence  of  vesication  in  ani¬ 
mals  is  due  t.»  the  elicitation  of  n  different  kind  of 
exudative  response  or  ton  firmer  and  less  desf  ruefibte 
michomgc  lief  ween  tlie  epidermis  and  the  curium. 

Another  gross  difference  is  that  injuries  on  animat 
skin  usually  develop  and  hen!  more  rapidly  than 
comparably  seven-  injuries  on  human  skin,  even 
though  human  skin  may  Is-  the  mom  susceptible  to 
injury'. 0.0.0  |n  the  nilihit,  for  instance,  erythema 
Isxxmies  visible  within  10  20  minutes  after  applica¬ 
tion  of  liquid  II.*5 

Other  difference*  juid  similarities  Is-twecn  II  laims 
in  man  and  animals  (rabbit,  pig»  have  I  sen  de- 
scrils-d  ns  follows:  ** 

1.  The  early  micro*mf>ic  degenerative  changes  in 
tin*  epidermis  am  similar  in  tlie  three  species,  and 
human  lesions  of  the  mild  and  seven*  tv|ie*  In-ar  a 
close*  n-semblance  to  thccom-spoiidinganimui  k-si«ms. 
Kpithclium  in  tlie  hair  follicles  is  destmved  to  alssit 
the  same  depth  in  man  and  animals,  but  in  animals 
tl«-n-  is  a  gn-nter  tendency  cm  the  part  of  tin-  sur¬ 
viving  follicular  epithelii»**i  to  participate  in  the 
lic-aling  process. 

2.  Dermal  injury  in  the  form  of  hvpen-mia, 
lH-ntorrhngc,  exudation,  ami  necrosis  is  mom  pro¬ 
nounced  in  animals  than  in  man.  The  mom  seven- 
an  injury  in  man,  tlie  mom  quickly  dis-s  liyjs-n-mia 
of  the  central  |>ortion  give  way  to  ischemia,  wlten-ns 
in  miimals  h-sioiis  of  increasing  severity  an-  cluir- 
•u-teri»xl  hy  inen-asing  liyjs-mmia.  A  significant, 
ntnisint  of  bk-eding  n»n-ly  occurs  from  the  capillaries 
in  human  skin,  but  in  niiiumls  dermal  hcmurriingc  is 
an  early  and  pmminent  manifestation  of  injury. 
Kxislntion  of  white  blood  cells  is  onlinarilv  an  in- 
vtrtispit-iNHis  feat. in-  of  uninfected  cutaneous  injuries 
in  man.  In  animals  on  tin-  other  liund,  the  damaged 


epidermis  often  lieconu-s  extensively  undermined 
within  3  days  hy  monunuelear  and  |>olymurplinnu- 
elear  cells.  Furthermore,  the  human  dermis  ran-ly  re- 
arts  with  nocriwi*  »f  mom  than  the  mom  superficial 
layers,  whereas  in  animats  (particularly  rabbits)  the 
dermal  dr-stnictiun  is  mum  extensive  and  frequently 
the  entire  thickness  is  replaced  by  new  cutincctivn 
tissue  during  the  healing  process. 

Vksicatiox  ok  Animal  Skix 
Tlie  eiitntirous  injuries  produced  in  miimals  by 
vesicant*  usually  tire  nut  clinmctcriscd  by  tiic  ele¬ 
vated  blisters  that  am  such  a  prominent  feature  in 
hums  of  human  skin.  In  a  numls-r  of  inv«*stigatioiis, 
lain  ever,  vesicles  or  vrsiele-liko  structures  have  lircn 
olisened  in  animal,  hint,  and  fmg  skin  following 
applications  of  II,  L,  or  11X2.***- «*» mm.tu  tvs. ... 

'.io.im.m*  |n  tlf  ibcfs-  nises  liistologicc.l  ex¬ 
amination  revealed  that  tlie  vesicles  hud  the  char¬ 
acteristic  intm-cpidcmml  stiuetum  of  blisters  on 
human  skin.4V  ,*r  ‘*-'"7  In  otlier  instance*  the  ept- 
ilemiis  n-mained  intact  and  tin-  apparent  blister 
was  ineo-iv  IIm-  n-sult  of  greater  fluid  accumulation 
in  tlw*  t-oriiim  tlian  usually  elmmeterises  the  edema 
of  injured  animal  or  liird  skin.4*7*'  *•**" 

A  |Kirticularly  interesting  example  of  vesication  of 
animat  skin  has  I  sen  olisened  in  *Ik»  regenerating 
et>idermis  of  tls-  guinea  pig.**  Thermal  Ismis  were 
math-  on  the  Imt-ks  of  guinea  pigs  by  tlie  application 
of  a  heated  inm  nsi,  and  tin*  epidermis  was  tln-n 
M-ntpcd  away.  Alssit  K  days  later,  when  a  scab  litul 
formed  and  falh-n  off,  »Im*  regenerated  epithelium 
w»*  found  to  Is-  eonsiilemblv  thickened  nod  stmt  ified, 
resembling  that  of  man,  Isit- lacking  hairs  or  selsimiii* 
glands.  Applications  of  small  dosi-s  of  II  or  I.  at  this 
time  produced  blisters  after  a  latency  of  several 
hours.  Tlie  blisters  wen*  not  ucconquuiicd  by  tin-  in¬ 
tense  ilemial  cdcina  tliat  <s-etirs  wlw-n  the  vesicants 
an-  applied  to  tlie  normal,  veiy  thin  epidermis  of  the 
guinea  pig.  Inasmuch  ns  the  n-gcncmlcd  epithelium 
lacknl  hair  lollicles  or  glands,  it  is  obvious  that  the 
vesicant*  had  |*‘nct rated  the  epithelium  itself. 

Intm-cpidcrninl  blisters  can  also  Is*  produced  oil 
the  skin  of  the  mammary  gland  of  laetating  bitches 
by  application*  of  II,  either  as  va)wr  or  li*|iii*l.rx“-T*^-f 
Tin*  «-p:»li*mis  at  and  n«-ar  the  nipple  poss*  •*.•«•*  a 
tliickm-ss  and  stnitificnlion  similar  to  that  of  human 
skin,  whernis  away  from  t  In-  nipple  ami  >si  most  o*  her 
parts  of  the  InnIx*  it  consists  of  milyoncor  «wo  laxers 
of  small  nilioidnl  coll*.  Tlie  cpith*  limn  of  tls-  skin  of 
the  raldiit's  oar  also  to  some  extent  n-s<*inbk-s  tliat 
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of  human  skin,  and  Mister*  have  Iwcn  produced  upon 
it  by  applications  «»T  II  and  I..7""1  “*  In  the  rose  of 
tin*  Minns  produced  by  L,  histological  e-xamination 
demonstrated  that  the  large  acrumnlation  of  fluid 
Mil*  intm-epidcrmnl./,r‘'  Tin*  II  bums  won*  not  ex¬ 
amined  mieroscopienlly. 

Comparison  of  If  Burns  nllli 
Tlo'rmal  Burns 

Otw*  of  tin*  imprrssions  iKrosionally  cite*!  in  the 
chemical  warfare  litcmtun*  is  that  II  Isims  be*nl  mon* 
slowly  than  e-ompetraMy  ssw  thermal  Isims.  It  is, 
of  roiim*,  difficult  if  not  impossildc  to  define  or  nb- 
tnin  <s|imlly  severe  Isims  of  tin*  two  ty|s*s.  However, 
Investigators  of  tlie  siibjei’t  during  World  War  II 
have  I  icon  mom  impressed  by  a  similarity  than  l.v  a 
diffemnre  in  iienlina  time  ls*tween  the  two  types  of 
lsims.u  ,,‘  “  "*  Tlie  most  obvhsis  diffemnre  is  in  the 
latent  periisl  for  pnnhirtion  of  grossly  and  miero- 
sropieally  visible  damage.  and  them  am  less  pro- 
niHinred  diffemnees  in  tlie  details  of  tlie  tissue  re- 
spon**.,,“"*  It  has  also  I  iron  noted  that  treatment 
with  pynivie  arid  ami  starrh  paste  is  mom  rifeetive 
in  mnmine  the  slough  <if  the  thermal  than  of  rhemi- 
eal  Isims,  anil  that  «e*e*e»nltngly  umler  this  tmatm«*nt 
tlie  thermal  Isims  heal  mom  rapidly.0™ 

23.S.t  Kariiest  Morphological  Kviihmees 
of  Injury 

Although  dimet  a|»plieatiim  of  liijuid  If  to  Jiving 
cells  (c.g.,  in  tissue  enltom)  pnsluees  immediate 
roam  list  ion  or  fixation,"**  as  stated  nlwive  applicn- 
tiiHi  of  II  to  the  skin  is  followed  only  after  a  nsi- 
side  ruble  interval  by  grass  or  elinliiil  morphological 
change's  of  a  pntholnemil  natum.  In  animals  visildc 
injury  develops  somewlmt  mom  rapidly  than  in  man, 
perhaps  liecausc  the  relatively  thick  keratiniwsl 
layers  in  the  skin  of  man  imposes  mom  of  a  Imrrier 
to  the  rapid  rate  of  penetration  of  applied  II  to  the 
underlying  living rell*.  In  this  seeti«m  will  is»  reviewed 
data  on  tlie  earliest  signs  of  injury  in  animals,  as 
Istsed  on  gross  ami  eytolngieal  olwervations.  Cisn- 
pnrable  cvtologie'nl  studies  have  not  i*s*n  carried  out 
on  human  ’;in.  The*  results  show  that  evalenres  of 
injury  develop  within  a  matter  of  minute**  after  ap- 
plieation  of  II  to  animal  skm.  In  the  following  section 
(Sir turn  23.2.51  additional  evidence  will  Is*  pmsrntei! 
that  injury  dcinonstmblr  by  physiological  methisb 
also  develops  vithln  n  matter  of  minuti*s  atter  aj»* 
plication  of  I!  to  human  and  animal  skin. 

Clinical  ol nervation  mvcals  the  development  of 


etythema  within  10  minutes  after  n|>ptieation  of  II  to 
raMiit  skin;*7  the  mdneas  progressively  increases, 
amt  within  1-3  hours  tlie  lesion  is  strongly  demur* 
rated  from  the  surrounding  normal  skin  hy  tense 
eilema.  Tlie  further  cour-e*  of  the  lesion  has  lu*eii 
describ'd  in  detail.97 

Ilistologieal  and  eylological  nliservntiniis  reveal 
tin*  following  alterations  in  the  skin  of  small  mum* 
mats  treated  with  lit|tiid  II: 

1.  In  mire,  cytoplasmic  and  nuclc*nr  eluinges  wen* 
evident  within  10  minutes.**  At  this  time  tlie  nuelei 
of  Imsnl  eells  of  tlie  epithelium  liad  larome  hy)s*r* 
ehromntie  ami  irregular  in  shape.  Within  20  minutes 
the  epitltelinl  nuek*i  hail  I**e*ome  gmntly  shnmken 
nnd  squeensl  against  the  wall  of  tlie  cells  by  ne* 
cumulation  of  hydni|>ii*  fluid  in  the  eyto|>lnsm.  Them 
wem  traces  of  dermal  edema  and  evidence  of  migra* 
tion  of  polymorphonuclear  leucocytes  nnd  histiocyte*. 
Tlie  nuclei  of  tlie  dermal  fibmblnst*  wem  hypemhro- 
matie  ami  shrunken,  ami  tlie  cytoplasm  Inal  larome 
abnormally  granular.  Morphological  eluinges  in  the 
endothelium  of  the  hhssl  vessels  wem  not  obvious. 

2.  In  a  study  on  rats,  eluinges  in  tlie  epithelial 
cells  escaped  <  let  or  tion  at  15  minutes,  lilt  the  dermis 
ivns  rlmmrtrriard  hy  mild,  diffuse  edema,  sparse 
cellular  infill  ration,  nnd  liy|ien*mie  lihasl  vessels.1*1 
Within  I  hour  tlie  epitlemuil  cells  had  larome  dis¬ 
torted  ami  shrunken,  nnd  the  ilermal  eluinges  men- 
fiomd  alaive  wem  mom  pronounced.  In  addition, 
them  was  evidence  of  damage  to  the  walls  of  some  of 
the  bhaal  vessels. 

3.  Applimtions  of  II  in  an  organic  solvent  to  tlie 
skin  of  mice*  and  rats  wem  followed  within  I  hour  hy 
tlie  development  of  (a)  altered  staining  pn>|N*rlics  of 
the  mitia'hondrin  in  cells  of  the  epidermis  and  dermis, 
(b)  small  vacuoles  in  some  of  tlie  laisnl  epithelial 
cells,  ami  (r)  tla*  ronspirtioiis  ap|a*arancc>  of  nuuiy 
lympluitics,  indicative  of  an  edematous  state.** 

2J2.3  Circulatory  Change's  in  II  l/esions 

An  imiairtant  pliysiologieal  method  for  the  study 
of  tlie  properties  of  tla*  smaller  Mcaal  vessels  c|c|*>nds 
upon  tlie  intravemais  injection  of  blue  dyes  (c.g., 
T-1821  or  Kvan*  blue)  which  |a*netmte  slowly 
thnaigli  tlie  walls  <»f  normal  capillaries  lait  rapidly 
through  the  walls  of  injured  vessels.  Injcrtioit  i.f 
small  doses  of  such  n  dye  is  rapidly  followed  by  the* 
dcvc|o|nneiit  of  blue  coloration  in  regicSis  where  the 
vessels  are  abnommlly  |s  nneable,  w  hereas  the  colora¬ 
tion  of  normal  region*  is  |c*ss  intense*  and  develops 
mom  slowly  ( ’imulatoiy  stasis  may  Is*  e|e*monst rates! 
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1»v  the  injection  of  large  dose*  of  dye:  normal  area*  of 
skin  then  assume  a  blue  coloration,  wlierca*  region* 
in  which  the  circulation  has  stopped  remain  color- 

|<HW, 

I'sc  of  this  method  has  demonstrated  Isitii  for 
animals  and  man  that  application  of  liquid  If  to  tlie 
skin  is  followed  within  at  most  a  few  minutes  by  tin* 
development  of  abnormally  high  permeability  of  tlie 
vessels  of  the  dermis.77  *  ”  In  man  there  is  eviilence 
of  increased  capillar)'  permeability  within  10  minutes, 
even  though  detectable  crytficnin  does  not  develop 
within  less  than  I  2  hours.”  In  rabbits  the  increased 
capillary  permeability  develops  even  more  rapidly 
(i.e.,  within  3  5  minutes  or  loss).1'  *  ” 

Tin*  intmveoiHis  injection  «»f  carbon  suspensions 
likewise  reveals  that  in  mice  tin*  dermal  capillaries 
have  assumed  alrttormal  properties  within  10  minut4*s 
after  application  of  liipiid  II  to  the  overlying  skin 
surface. **  The  carlsm  particles  adhere  to  tlie  endo¬ 
thelium  in  larger  quantities  than  in  normal  areas  of 
skin,  indicating  an  increased  stickiness.  At  a  some¬ 
what  later  time  Isith  free  and  phagneytosed  particles 
can  In*  seen  to  have  passed  thnsigh  the  capillary 
walls  into  the  dermal  tissue. 

In  spite  of  the  nqiid  development  of  injury  to  file 
dermal  vessels  ns  revealed  by  their  increased  permea- 
liility,  cirrnlahiry  stasis  does  not  ilevelop  in  rablwts 
f«w  3  12  hmirx  even  in  skin  severely  Isowd  by  ap¬ 
plication  of  2.5  1.5 mg  of  liquid  I!.**  t  lliservation*  on 
human  skin  are  lacking  except  for  an  isolated  olwer- 
vntinn.""',  In  this  instance  a  small  drop  of  II  was 
applied  to  tin*  forearm  and  decontaminated  after  10 
minutes.  Krythcma  liecnme  apparent  after  1.5  hour* 
and  a  blister  had  iloveloped  after  24  hours.  Tlie 
dermal  capillar)’  einnli**;tm  as  oltserved  miens- 
sropicnlly  was  vigorous  during  the  stage  of  erytliema 
(1.5-7  hours!.  It  was  also  vigor* sts  wla*n  examined 
after  the  naif  of  the  blister  was  removed  at  21  hmit*, 
and  was  continuing  at  31  hours,  after  which  time  the 
lesion  dried  ami  Itrcamc  opaque.  PresumalH.v,  cir¬ 
culatory  stasis  would  In*  olisrrvcd  to  develop  more 
rapidly  in  the  ease  of  severe  injuries  chamcteriwsl 
by  coagulation  ms-rosis. 

An  im|Mirtnnt.  and  detaihsl  study  of  tlie  devolojr- 
ment  of  circulatory  and  ivmphuiic  rlianges  in  vesi¬ 
cant-treated  ralmit  skin  has  lava  maile  57  and  shisihi 
In*  consulted  in  the  original  by  reiulers  iuten*sti*i|  in 
•Ids  phase  ol  the  vesicant  problem. 

It  may  also  In*  noted  that  injected  II  prm!uci*s  im¬ 
mediate  vasomotor  effix’ts  (see  (’hnpter  22 1.  These 
cflfis'ts  may  or  may  not  In*  id<  nti«*nl  with  one  or  more 


of  the  oetinns  of  II  which  in  the  skin  contribute 
significantly  to  the  production  of  vesication  and 
necrosis.  In  any  event,  denervation  npjieuiv.  to  have 
littk*  or  no  effect  on  the  sensitivity  or  n*s|»onse  of  skin 
to  %‘ei4i*nPti».M,’,Mr 

A  uumlN*r  of  investigator*  have  shown  that  II 
blister  fluid  is  not  toxic  or  vesicant.  In  addition,  it 
has  lw>cn  demonstrated  that  irritant  sultstnnccs  in 
lymph  draining  from  an  ll-tn*ate.l  area  of  rabbit  skin 
an*  not  suflici«*ntly  concentrated  or  |mtont  to  play  an 
im|M>rtant  role  in  increasing  the  sin*  of  the  entaneou* 
lesion.'*7 

In  the  classind  paper  in  which  Mavis  and  (Smut1** 
adduced  evidence  to  show  tliat  the  capillar)’  dilata¬ 
tion  mid  increased  capillar)’  pemmibility  evoked  in 
skin  injured  by  mechanical  and  tltcrmal  trauma  are 
due  to  tlie  filierntion  of  a  histaminedike  sulistaiicc, 
it  was  also  proposed  that  a  similar  mechanism  may 
umlerlie  the  skin-injunuit  action  of  II  and  other 
vesicants.  lewis'  concept,  ns  well  as  Menkin's  more 
n*cent  work  <m  biochemical  units  in  inflammatory 
exudates, have  prompted  further  similar  sugges¬ 
tions  as  well  us  a  limited  amount  of  experimental 
work  with  regard  to  the  role  plnyrd  in  the  develop¬ 
ment  of  vesicant  injuries  by  secondarily  lilrenited  in¬ 
jurants  milistonce*.'"7 

In  r6sum6,  it  may  In*  stated  that  there  is  available 
no  evidence  citlicr  for  or  against  the  imrticipation  of 
a  quickly  liiicmtrri  histamine-like  sulistnrifc.  With 
regard  to  Menkin's  suWtnnces,  which  are  not  In*- 
lieved  to  In*  identical  with  |<ewis'  histamine-like 
material,  it  hns  ls*en  demonstrated  tlintn  kneotaxlne- 
like  sulistancc  is  present  in  Idister  fluid  and  in  skin 
injured  by  vesicants  (i.e.,  II  and  IIX2).*”  These 
findings  have  led  to  tho  conclusion  tliat  vesicant  in- 
jura**  develop  hrmimr  the  reaction  of  vesicants  (e.g., 
ill  with  the  skin  lilwnites  an  injurants  iourotaxine- 
like  sulistance.*  ”  In  tlie  reviewer's  opinion  this  con¬ 
clusion,  altlamgh  not  necessarily  entirely  incorrect, 
at  least  lacks  foundation.  Tlie  presence  of  a  leuco- 
taxine-like  sulistancc  characterises  all  types  of  cu- 
taneists  injur.-,  and  in  vesicant  injuries  leucotaxinc 
has  ls*en  looked  for  and  found  only  after  extensive 
injur)’  has  already  <Icvc|o|nsI.  That  its  presence  or 
that  of  “necrosin''  may  influence  th«*  further  course 
«>f  injur)’  development  and  healing  cannot  In*  denied. 
That  it  is  the  agent  which  directly  underlies  the  in¬ 
itial  development  of  pathological  change*,  however, 
may  Is*  questioned  in  the  ulisencc  of  any  sup) sating 
evidence,  particularly  as  tin*  vesicants  an'  known  to 
react  rapidly  with  many  rhemirel  gr*sip*  of  typ-s 
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which  hit  of  vllnl  importance  in  cell*  (sec  ( liaptcr 
19),  aw!  am  the  first  evidences  of  injury  (c.R.,  in- 
cmasoei  capillary  pormcaliility)  develop  within  a 
matter  of  minute*  after  application  of  the  vesicant 
to  the  akin.  However,  it  lias  liren  shown  tlwt  a 
proteinase  which  is  quickly  liliemteel  from  skin 
treated  with  If  can  act.  ttp<m  skin  in  eiiro  to  pmelnec 
Iciicotnxine  *•"*“  (see  Hecthm  23. 1.2). 

2.1.2.A  Results  of  Skin-Urafting 
Kxperiments 

A  suggestion  that  the  death  of  (he  epidermis  fol¬ 
lowing  exposure  of  the  skin  to  I!  may  lie  secondary 
to  dermal  injury,  rather  than  due  to  primary  injury 
id  the  epithelial  cells  by  If,  led  to  the  performance  of 
the  following  experiments."  Two  of  four  sites  on  each 
of  several  shaved  areas  of  skin  in  young  pigs  were 
exposed  to  liquid  11  for  20  minutes  and  then  decon¬ 
taminated.  Fifteen  minutes  Inter  the  following  opera¬ 
tion  was  performed,  using  aseptic  surgicul  technique. 
One  exposed  site  was  left  undisturired  as  a  control. 
The  full  thickness  of  the  epidermis  from  the  other 
exposed  site  and  from  the  two  uncxpoeed  sites  was 
removed  with  a  sharp  knife.  Tliese  grafts  were  then  rr- 
plnecd  in  such  a  way  as  to  give  sites  with  onrxpeMcd 
epidermis  on  uncx|>osrd  dermis,  uttcxposcd  epidermis 
on  exposed  dermis,  anil  exposed  epidermis  on  unex- 
pnsrd  dermis.  Tlic  arm  of  skin  containing  the  four 
sites  was  then  isolated  as  an  island  by  curved  inci¬ 
sion*  and  covered  with  a  nonirritating  memlwane  to 
keep  the  grafts  in  place  ami  protect  the  surface.  The 
edge*  of  tl»e  skin  adjacent  to  the  island  wen*  flam 
undercut  and  brought  together  over  it.  This  method 
of  laiiying  an  island  of  -kin  was  a  modification  of 
Harveys  technique.41 

At  least  some  of  the  transplanted  cpitltelinl  mils 
survived  in  all  but  one  of  the  eases  in  which  an  un- 
cxponed  graft  was  pinrevi  on  une*xpo*e  d  curium.  Home 
epithelial  mils  also  survived  at  least  for  a  time  in 
instance*  where  an  unexposc'd  graft  wa*  placed  on 
exposed  curium,  and  the  lamella  of  grafted  curium 
was  also  readily  capable  of  survival.  On  the  other 
hand,  the  epithelium  underwent  ce*mplcte  necrosis  in 
all  instanci1*  when*  an  e*vpnse*d  graft  was  placed  on 
unexposed  curium.  It  was  also  noted  that  pathological 
changes  in  the  dermal  tissues  of  the  buried,  en¬ 
grafted,  exposed  sites  were  waisidemhly  more  severe 
than  in  the  case  of  similar  unburied  control  sites. 

The  experiments  led  to  the  following  conclusions: 
(It  Epidermis  existed  to  liquid  II  is  killed  dimrtly; 
its  dmth  is  not  scenndnry  to  any  cfT««ct  that.  II  pro¬ 


duces  in  the  dermis.  (2)  A  considerable  part  of  the 
damage  sustained  by  tlie  dermis  after  exposure  of 
intact  skin  to  H  may  lie  due  to  the  destruction  of  its 
protective  epithelium,  tn  the  buried  skin  ex|M>ri- 
ments,  a  new  protective  layer  was  in  effect  sulisti- 
tilted  for  the  damaged  epidermis  and  the  major 
dermal  chnnges  usually  nscrilsxl  to  primary  injury 
by  II  wen*  minimised. 

2.1. 2. *  Possible  Kffects  of  Vesicants  on 
Intercellular  Substance 

British  investigators  have  shown  that  perfusiun 
of  the  circulation  of  frogs  with  (linger  solution  con¬ 
taining  Imtli  it  and  a  colloid  (to  maintain  osmotic 
prasstm*)  leads  after  a  time  to  the  formation  of  edema 
and  cutaneous  vesicles.  Perfusion  with  Itingcr  solu¬ 
tion  itself  lend*  to  tlie  formation  of  granter  edema 
hut  no  blisters  develop.  On  the  laisi*  of  these  obser¬ 
vations  it  has  liccn  concluded  ,"*1'  that  increased 
capillary  permeability  lending  to  development  of 
edema  is  not  sufficient  to  pnslucc  vesication,  but  /  - 
that  in  addition  II  must  produce  n  decrease*  in  the 
resistance  to  the  elevation  of  a  blister  by  altering  the 
pro|»ertic*  of  intercellular  fillers  and/or  rement. 

Kxtensive  experiments  wliieli  may  lN*ar  on  this 
concept  have*  lie*en  performeel  on  the  isolates!  Iieef 
rye*.,n> Exposures  te»  II  vapeir  at  eleisages  suf¬ 
ficient  to  pnMluee  severe  clinical  injury  in  living 
animals  result  in  a  morkeel  leres  in  the  aelhe*sivenesseif 
tlie  epithelium.  Tlie  loosening  of  the  epitlielium,  ns 
testeel  by  its  resistance  to  merluinieal  srmping,  eloes 
not  esviir  immeeliatety,  lad  only  after  an  ini'tilmiion 
lieriesl  of  se*veml  hours.  If  eloes  neit  ele*ve*leiji  if  the 
II  vapeir  dosage  is  ve*ry  grant  (i.e.,  exposure  tei  satu¬ 
rates!  va|Mir  for  I  hour  at  22  <’).  Experiment  a  with  a 
variety  of  poisons  anel  oilier  sulwtaiiesve  have*  1«|  tei 
tlie  esme-lusion  that  tlie*  loosening  is  neit  Imsexl  on  a 
change*  in  the  pro  ertie*  of  materiid  similar  to  the 
inte*reellular  sulwtanex*  of  the*  crpillnry  wall,  hut  that 
the  lessening  may  involve  a  change  in  tlie  properties 
eif  tlie  cell  surface  itself. 

2.1 .2  .fc  Rrsillili* 

Tlie  pathological  fin«lings  sutnmarixed  aliove*  livid 
to  tlie  evmecpt  that  II  anil  other  vesicants  e*xe*rt  a 
nipiel  anel  pmexibly  dim*t  injtiriems  action  upon  Isith 
tlie  cells  of  the  epidermis  anel  the*  Idesiel  vessels,  and 
presumably  also  npesi  the  otlie*r  e-ellular  l•le•nle;lfs  of 
til e  elermi*.  In  part,  at  least,  the  delay  in  the  pmduc- 
tion  of  gross  damage  is  to  Is*  rclatesl  to  a  elclny  in  the* 
manifestation  of  injury  rather  than  to  a  delay  in  the* 
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initial  prudnct-ioh  of  injury.  Ah  the  l<*sion  s|i»velups, 
however,  injury  to  some  parts  of  tin*  skin  may  In* 
accentuates!  an  a  result  of  the  pathological  changes, 
pcrhnp«  involving  the  liU*rution  of  secondary  toxins, 
in  other  parts  of  the  skin.  Tin*  props*rfis**  of  a  some¬ 
what  mysterious  intercellular  sulisfanre  may  also  lie 
involves!  in  the  mechanism  of  blister  formation. 

Data  on  the  distribution  and  properties  of  the  I! 
that  is  fixes!  in  the  skin  after  an  exposure  strongly 
siip|Kirt  the  concepts  that  sliresd  injury  is  sustaincsl 
by  the  c|<*mcnts  sif  Isit  h  the  s*pis|ermis  ansi  the slermis, 
ansi  that  the  initial  reactions  which  eventually  cnl- 
minate  in  gross  damage  an*  rapisl.  Tliess*  slata  will 
Is*  summarizs'sl  after  informatisin  relating  t«»  the  nite 
sif  pcnctrntion  of  the  skin  by  vesis*ants  has  lieen 
n*vis*ws*sl. 

23.3  PKNKTR  \TION  OK  SKIN  BY 
VKSIC4NT8  \NI)  MKI\L  K\TK  OF 
I’F.M  KTR  \TKI )  V  KSIC  \  NTS 

When  a  simp  sif  lispiisl  vs*sis*ant  is  plas*s*sl  on  the  skin 
ansi  is  ls*ft  uns*siven*sl,  it  simultaneously*  spreads  to 
ssime  s*xtent,  evapsimtes,  ansi  ps*netmti*s.r  Only  the 
froetism  that  penetmtes  sain  1m*  sif  significance  tsir 
injun*  pnslus’tion.  Of  this  fractisin  ssune  reacts  with 
ami  ls*s’s>mes  “fixesl”  by  nondifTusing  s*onstituents 
tlsith  living  ami  sleiul)  sif  the  skin.  The  rrmnimls*r 
sif  the  peni't rating  fraction  passes  tliniiigh  ths*  skin 
ansi  is  carriesl  away  by  l**ly  tluisls.  Presumably  that 
which  is  carrisxl  away  is  partly  in  ths*  fsirm  sif  un- 
n*as*ts*s|  vs*sis*ant,  partly  in  the  form  of  liyslmlytis* 
products  sif  ths*  vesis*ant,  ansi  possibly  partly  in  the 
form  sif  vesicant.  that  has  reacts*sl  with  slitTusabls* 
molecules  othsT  than  water.  <  Vrtninly  part,  of  it.  is  in 
a  fsirm  that  is  toxic  for  s***’.!**  of  ths*  oths*r  tissues  sif 
the  Iwsly  (sss*  Chapter  22). 

It  is  very  liks*ly  that  s*titons*ous  injury  s|s*velops  as 
a  s*smss*s(Us*ns e  of  the  fixation  of  the  vesieant  in  the 
skin.  Strong  s*vid<*ncc  for  this  concept  in  ths*  «*asr  sif 
lewisite  (I.)  is  provided  by  the  fas*t  that  ths*  severity 
of  cutaneous  injury  parallels  tin*  amount  sif  arsenis’ 
fixed  in  the  skin  ansi  that  injury  may  Is*  greatly  n*- 
sluccsl  if,  after  I.  hits  ls*ssime  fixesl  in  the  skin,  it  is 
rcmnvetl  from  its  asMM’iatisiii  with  tissue  csmslituents 
by  tlis*  action  sif  ililhiol  s’oiii|miuus|s  (e.g.,  2,3-dimer- 
i-aptopnipanot,  UAL)."*  In  t.lis*  s*ass*  of  II  ths*re  is  a 
great  ileal  of  evisletrix*,  to  Ik*  dcscrils-d  ls-low,  that 
shows  a  s’orrelntion  ls*twss*n  sevs*rity  of  injury  ami 

•  \  s*iiiivi'iiis*tir  iiniiiiiiitisl  liililiogriiptiy  **n  the  pcnclmtion 
of  MilM:uin*s  (mil  only  ve«ir:iiit«)  »««  iirrpars d  in  l!M3.,!’ 


amount,  of  fixesl  II.  Furths>rmore,  all  ths*  slata  on  ths 
pni|M*rtis*s  of  fixesl  II  and  on  the  reactions  of  II  with 
biologically  important  chsmical  groups  (Chapts*rs 
If)  and  21 )  are  in  aecord  with  the  concept  that  injury 
is  a  eonstx|uenee  of  the  fixation.  It  has  not,  however, 
lies'n  possible  to  remove  fixesl  II  from  the  skin  by 
means  i*ompatiblc  with  s-ell  life  and  so  to  ilctcrmine 
ths*  I'fTirt  of  its  removal  on  the  ss'vcritv  of  tin*  is¬ 
suing  injury*.  It  is  highly  prolialile  that  tlio  slillicultly 
reversible  miction  ofll  with  nondifTusililcconi|xmcntH 
vital  to  the  lifs*  of  sells  in  tin*  skin  underlis*s  tin*  skin* 
injiinuit  action,  but  it  shoulsl  In*  recognired  that  no 
IMisitivs*  priMif  is  availabls*  to  show  that  nthi*r  actions 
sif  the  II  passing  through  skin  an*  not  rs*s|Minsible  for 
the  sti'velopment  of  injury*. 

'His*  difficulty,  at  prs*sent  the  im|>iiMsihility,  of  re> 
moving  fixs-sl  II  from  the  skin  by  means  s\*mpatibls* 
with  cs*ll  life  is  one  of  ths*  most,  im|Mirtnnt  gcncmlisu* 
tions  smerging  slitting  Wsirlsl  War  II  from  stuilis>s  sin 
ths*  mechanism  sif  vesicant  action.  A  second  gonemli- 
latisin  sif  great  iin|>ortittics*  is  that,  s*vs*n  after  massive 
contamination  with  ll<|ti!sl  II,  hiiiumi  skin  contains 
no apprixial ill* amount  (reservoir)  of  unn*actesl  II  not 
nxulilv  removable  by  surfacs*i|ss*ontaminat  ion  (i.s*.,by 
treatment  with  II  solvs*nts  such  as  |M*troli‘iim  ether). 
It  is  a  corollary,  supportet!  also  by  direct  evislcncs*, 
that  the  mictions  resulting  in  ths*  fixation  of  II  by- 
skin  constituents  nesuir,  pnu'tically  s|M*aking,  almost, 
concomitantly  with  cxjsisiirc.  Data  Isnring  ujsin 
these  two  genendisations  will  Is*  prcscntcsl  in  this 
section  in  tin*  «*otux*  of  a  systematic  summary*  of  in* 
formation  lM>aring  on  the  penetration  of  skill  by 
vs*sis*ants  am!  on  tbs*  lss*al  fate  of  tlis*  ps*m*tnites| 
molecules.  Studies  on  the  eye  also  slum  that  only  low 
concentrations  an*  attained  in  tin*  cornea  on  ex* 
psisnre  to  II  ansi  that  at  the  termination  of  expsisiirr 
tbs'  fees*  II  within  the  tissue  rapidly  ilisap|M*nrs.,,*  “ 

2.1.3.'  IVnctration  of  Skin 

(  U:\K1IAI.  t  InsKKVATlllXs 

Calculations  indicate  that  only  a  small  fraction 
of  the  molecules  of  a  v«*sicanl  \ apsir  which  strike 
the  skill  are  retained  by  it  and  |K*m*tn»te;  the  gn*at 
majority  are  reflected  liack  into  the  gas  phase  siver- 
Iving  the  skin.*4" 

Tlis*  effects  of  a  liquid  vesicant  applied  uncovered 
to  the  skin  are  determined  not  only  by*  flic  intrinsic 
injury-producing  |sitcncy  of  the  molecules  that 
lM*i:i*lrafe  the  skin  bill  also  by  tin*  volatility  of  the 
vesicant,  which  detemvnes  the  amount  which  evnfMi* 
nttes.  Volatility*  would  not  Is*  of  itii)Hirtaa<s*  if  the 
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mt in  of  cvnimmtioti  rate  to  penetration  rate  wen*  tin* 
same  for  vesicants  of  «lifT«*r**nt  volatility.  That  thin 
ratio  differ*  with  tlHfcrmt  vesicants,  however,  in  n*- 
vcnk*d  l»y  tin*  finding  that  tin*  relative  of 

some  cumimuiids  of  widely  differing  volatility  an* 
different  when  evaporation  in  prevented  (absolute 
vcsicancy)  than  wlicn  tin*  liquid  drops  an*  appliml 
uncovered  to  tin*  akin  (empirical  vcsicaney).* 

"*•  (Sis*  Table  Hi.) 

When  large  doses  (i.c.,  several  mgi  of  II  or  tin* 
nitrogen  mustards  an*  plaissl  on  the  skill  of  man  or 
animals,  it  is  |iossihli*  to  i|i*monstniti*  that,  some  of 
t.lii*  fns*  agent  (sTsists  oil  tin*  skin  for  as  long  as 
several  hours **•.•>.»**.'  «h.h*..«.i*m.  mid  (hat  in  tin* 
pane*  of  II  by  far  tin*  greater  proportion  of  tin*  total 
i lose  slowly  evaponttc**.*'M '  "1*  When  small  doses  an* 
plaissl  on  tin*  skin,  the  rontompnninpuuH  processes  of 
evapomtion  and  penetration  an*  eianpletisl  more 
rapidly.  The  available  i|iiantitative  itata  for 
human  skin  an*  summarinsl  in  Table  2.  These  data 

Tim.r,  2.  Kvntmmtlon  of  smnll  doses  of  liituid  If  nnd 
11X3  from  limniiti  skin."*-1, 

Smnll  <k«sm  (en.  23  *g)  «f  the  veslennls  ww  applied  In 
the  forearm  fry  mean*  of  (Is*  ltonr»li  mii*ropi|**l  nnd  tin* 
nmisinl  evii|simtiiix  determined  liy  eolleelion  nnd  ntinly- 
kIn  with  suiinlile  . (|iii|>ment.. 
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for  I!  nnd  11X3  fail  to  ii  veal  that.,  under  eomparable 
conditions,  significantly  different  perceiitngr**  of  the 
two  agents  eva|Miniteil,  but  ilu*  nsnilts  of  tests  on 
miee  n*-1'  indienteil  that  .30-55  js'r  is*nt  of  the  a|>* 
pliisl  HX3  and  alssit  70  |>er  rent  of  tin*  npplKsl  II 
evaporated  under  «s>mpnmlile  eonditions  of  flow  rate 
and  (presumably)  teni|iemtuti*.  The  human  data  do 
suggest,  however,  that  a  greater  fnietion  of  the  aji- 
pl'isl  II  i*va|siratisl  at  the  higher  of  the  two  rates  of 
airflow.  It  may  eoiifidently  Is*  ex|x*ctcd  that  greater 
I'lintiges  of  airflow  veloeity  would  result  in  more 
prirtiismissl  variations  in  |s*r  is*nt  evatsiration.i; 

ClIAXXHI.s  <>y  Kxthv 

From  time  to  time  it  lias  lss*n  siig*i»sted  that  II 
and  the  nitrogen  nni-t  rd«,  laninse  of  their  relative 


luck  of  solubility  in  water,  must,  enter  the  skin 
through  oily  ehannels  Mieli  as  might  Is*  supplied  by 
tlie  seeretion  of  tiie  sclmrcous  glands  in  and  around 
hair  follielea.  TIm*  Isilk  of  tlu*  available  evideliee, 
however,  indicates  that  all  parts  of  flit-  skin  surfius* 
an*  iienetratisl  by  II  and  other  v«*sieants: 

1.  II  readily  penetrates  the  eoiitinuoiis  keratinous 
sheaths  of  feather  rudiments.1"'*  It  also  |N*net rates 
and  pnsluees  vesication  of  an*as  of  regenerating 
animal  epidermis  ivhieli  emitain  no  giands  or  hair 
follieles  (see  Section  23.2.2). 

2.  lladiiHiutograpIts  reveal  tlint,  after  exposures 
to  rtuliiKietive  II,  tin*  agent,  is  fixixl  throughout  the 
entire  epidermis,  not  only  in  and  ulsiut  glands  or 
hair  follicles.* 

3.  Tlie  use  of  oil-soluble  dyes  *“•  and  of  vety  sensi¬ 
tive  historlicmieal  ti*sts  for  free  II  *V"*"HI  also  dem¬ 
onstrate  that  oil -soluble  molecules  including  II  itself 
can,  after  cutaneous  application,  lie  fmind  to  have 
penetrated  throughout  all  |«irts  of  ihe  epidermis. 

•I.  Additional  suggestive  evidence  taimes  from  tlie 
findings  that  the  nibbing  of  lanolin  into  tin*  skin  (to 
simulate  the  presence  of  fatty  sclmccous  seeretion) 
does  not  lutvc  much  effect  in  altering  the  suscepti¬ 
bility  of  tlie  skin  to  injury  by  II  vapor.*'  On  the  oilier 
band,  the  wetting  of  tlie  skin  with  water  or  with 
artificial  sweat,  which  alters  the  physical  state  of  the 
entire  cumified  layer,  markedly  increases  the  susceji- 
tibility  to  injury  by  II  and  the  nitrogen  must  unis.*"" 

It  may  la*  noted,  however,  that  none  of  tlu*  data 
suffice  to  determine  whether  tlie  entin*  surface  of  tlie 
skin  is  r/nonf/frifftWy  uniform  with  respect  to  penetra¬ 
bility  by  vesicants.  That  the  region  of  the  hair  follicles 
(into  which  tin*  sclmccous  glands  open)  may  take  up 
mon*  vesirant  during  a  given  exposure  than  the  in¬ 
tervening  anus  of  epidermis,  or  that  the  former  re¬ 
gions  may  Is*  intrinsically  mon*  susceptible  to  injury, 
is  suggested  by  the  occasional  development  of  follicu¬ 
lar  erythema  in  the  alisenee  of  a  visible  reaction  ill 
the  intervening  areas  of  the  skill. 

I’KNirritATiox  Hath* 

A  mimlrer  of  studies  have  ls*en  made  of  the  rates 
at  which  vesicants  an*  taken  up  by  the  skin.  In  tla* 
cast*  of  II  they  may  Ik*  conveniently  but  nnighly 
sunimarixcd  by  the  statement  that  the  rate  of  |s*m*- 
l ration  of  human  skin  by  the  liquid  or  saturated 
vapor  at  ns»m  tcmijcmtun’*  (j.«*.,  70  F)  is  of  the 
onler  of  magnitude  of  I  f  pg  cm?  min.  I'nder  t best* 
conditions  cxihhur**  of  only  a  few  minutes’  duration 
suffice  to  pnsiuee  injuries  of  vesicating  severity. 
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Thus,  the  nmtaint  of-  II-  which- must  lie  taken  up  by 
the  akin  !n  onler  to  pnslurc  vesication  ia  extremely 
small  (i.e.f  of  the  onler  of  magnitude  of  to  15 
MX  cm*). 

before  reviewing  the  ditto  in  greater  iletnil  it 
should  In*  emphnstged  that  in  each  rpeeific  rase  enre 
must  lr  taken  to  define  what  in  meant  hy  "penetrn- 
tion"  of  the  akin. 

The  first  quantitative  at  tidy  of  entanetaia  j  tenet  ra¬ 
tion  wua  made  hy  an  ND1U'  Diviaion  0  gnaip  at 
lfnr\*anl  with  applieationa  of  liipiid  II  containing 
radionetive  anlfur  The  aenaitivity  of  the 

method  limited  quantitative  determinntiona  to  rela¬ 
tively  long  exposures  (i.e.,  I  hour  or  more).  However, 
tlie  amount  of  S*  fixed  in  the  akin  ciaild  aeeumtely 
la*  determined  for  much  ahorter  expoaurea.  Tlttia, 
from  tlie  latter  data  an  eatimate  enn  la*  made  of  the 
penetration  rate  for  the  ahort  timea  if  it  la*  amumed 
that  the  percentage  of  penetrating  II  that  Itecorrcs 
fixed  ia  the  anme  aa  at  longer  exposure  timea. 

In  the  definitive  studies,  liquid  II  in  shallow, 
closed  cups  was  applied  for  I  hour  to  the  nlalominal 
skin  of  men,  pigs,  and  mhhits.  In  each  ease  the 
amiHint  penetrating  during  this  periiai  was  defined 
aa  the  difference  la*tween  the  amount  of  II  in  tin*  cup 
at  the  I  spinning  of  the  exposure  and  the  sum  of  the 
anuaint  remaining  in  the  nip  and  the  amiaint  re¬ 
moved  from  tlie  akin  hy  swalihing  three  timea  with 
cotton  soaked  in  petroleum  ether  at  the  end  of  the 
cxinaurr. 

Tami.k  3.  Uommnry  of  (lain  *si  prnctinlinti  ami  kirnl  fate 
of  lii|tiUt  It  a|i|>lie«l  to  alatomilial  akin  of  iliffm-nt  a|a*eiea 
fur  I  Iwair.1* 


T.xm.r.  4.  tYnet ration  of  liumnn  nlalominal  ekiti  l>y  lii|iiii| 
II  aa  a  function  of  temperature.'* 

The  application  wan  in  aliitliow  cut*  0.43  end  in  area 
omlaining  fa.  1.1  mg/rm*  of  Ibpikl  II. 
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From  tlie  data,  some  of  which  are  prvarnted  in 
Tallies  3  anil  l,  the  following  conclusions  may  Is* 
drawn: 
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1.  The  average  penetration  rate  during  tlie  1-hour 
exposure  was  dependent  upon  the  species  and  upon 
tlie  environmental  and/or  akin  temperature.  Tin* 
effect  of  temperature  wax  more  pronounced  in  tin* 
case  of  the  pig  than  for  man  or  tlie  nd*hit. 

2.  At  a  room  temperature  of  till  K,  tlie  average 
rates  for  man,  the  pig,  and  tlie  raldnt  were  130,  10, 
and  300  pg  cm*-  hour,  respectively. 

3.  At  approximately  100  K  the  mrrr*|K*nding 
rates  were  330,  250,  and  850  pg  cm*  hour,  re¬ 
spective^. 

Similar  lait  much  less  complete  data  indicate  that 
tin*  penetration  rate  of  liquid  II  into  pig  akin  remains 
relatively  constant  for  ex|s»aiirea  of  up  to  0  laairx’ 
duration,  and  that  the  rate  of  penetration  of  If  from 
its  saturated  vapor  ia  in  the  order  of  0.5  1.0  times  aa 
rapid  as  that  of  the  liquid  at  the  same  temperature.1'1* 

In  Canadian  cxja'rinienta  on  the  penetration  of 
rat  akin  hy  radioactive  liquid  II  ,w*  tin*  akin  waa  not. 
awnMsxi  with  an  II  solvent  at  tlie  end  of  the  ex¬ 
posures.  Instead  the  akin  was  blotted  three  timea 
with  ulisorlsmt  pa|M>r.  Tlie  data  obtained  under  these 
conditions  indiented  that  the  rate  of  penetration  waa 
initially  very  rapid  told  subsequently  fell  off  so  that, 
the  average  value  was  3,100  pg  cm*  hour  for  the  first 
hour  and  2,200  pg  cm5  hour  for  the  first  2  hours.  The 
reviewer  considers  it  probable  that  tijam  exposure  to 
liquid  II  the  aujieHieial  layers  of  the  akin  quickly 
take  up  an  amount  of  hardly  held  II  that  is  removed 
by  swabbing  with  II  solvents  leu  not  completely 
removed  hy  blotting  with  al»»orla'iit  pa|M'r. 


HKciurr 


/  -  ■ 


490 


MKC.IUMSW  OF  OITVNKOl."  INJl'IO  HY  Ml'HTVHUH 


The  ni«w*thor<High  study  of  the  rate  of  penetration  not  pass  through  tin*  origin.  It  was  suggested  (lint 

of  human  Klein  by  flic  nt/mr*  of  vcsictutts  has  lieen  this  might  In*  caused  by  a  ivicutioii  on  the  skin- 

mwlc  by  applying  the  saturated  va|*>r*  of  several  surface  of  an  Appreciable  quant ity  of  the  agtoit  as  a 

Mffits  to  skin  of  the  forearm.*  A  very  precise  ami  result  of  rapid  physical  adsorption  or  chemical  co..,- 

delicate  technique  has  Iteen  worked  out  nnd  call-  bination. 

brafrsl  in  detail."  It  is  Ixiscd  on  determination  »tf  tlw*  3.  The  results  with  the  relatively  volatile  ethyl 
amount  of  vesicant  lost  from  a  “penetration  cup"  /Milomethyl  sulfide  showed  great  variation  md  no 

during  a  peri«sl  of  application  to  the  skin.  Titus,  tlm  satisfactory  value  for  it  |s>netmtion  rate  wus  olt* 

nniotmt  penetrating  the  skin  is  rlefined  as  that  taken  tained.  It  was  suggested  that  die  skin  may  nlisnrh 

tip  by  the  skin  <i.e.,  lost,  from  the  cup).  Possible  losses  an  appreciable  quantity  of  this  agent,  some  of  which 

by  evaporation  from  the  skin  after  tlie  ctip  is  re-  is  lost  by  evaporation  ujsm  removal  of  the  |>cnct  in- 

moved  have  noi  lieen  experimentally  investigated.  tion  nip.  Another  complicating  factor  is  the  fact 

The  technique,  believed  to  lie  accurate  to  I  percent,  that,  immediately  after  a  10-minute  exposure,  the 

has  not  ns  yet  lieen  fully  exploited  nnd  should  prove  subjects  exhibited  an  erythema  at  tin*  exposure  site, 

to  lie  useful  in  further  vesicant  studies,  as  well  as  in  With  the  other  agents  there  was  no  immediately 

investigations  on  less  specialised  aspects  of  skin  visihk*  reaction, 

physiology.  As  originally  devised  and  as  used  to  date,  4.  The  approximate  IV*,  ie.,  die  amounts  of 

flic  technique  made  possible  determinations  of  the  vesicant  which  must,  penetrate  die  skin  in  order  to 

penetration  rates  only  of  saturated  vapors.  It  has  pttsiiiee  vesication  in  fiO  per  rent,  of  the  eases,  arc 

since  lieen  modified  to  permit  studies  with  lower  given  in  Table  5.  (liven  also  are  the  approximate 

cf.:.crntmtions  of  vapor.*'  corresponding  vapor  dosages  caiculated  on  die  as- 

Thc  principal  findings  (Table  fit  may  lie  sum-  sumpdon  that  die  tenqiomturc  of  the  cup  was  that 
mnriaed  as  follows:  of  the  room. 

1.  II,  IINI,  and  HN3  penetrate  the  skin  at  the  In  assessing  thesp  data  it  should  lie  Isime  in  mind 

rates  given  in  Table  5.  In  each  ease  the  eurve  re-  Hint  the  penetration  rates  ns  defined  wore  determined 

lating  exposure  time  to  amount  of  vapor  taken  lip  with  high  precision,  although  it  was  not  determined 

by  the  skin  from  the  cup  was  linear  and  | Kissed  whether  any  of  the  vapor  taken  up  by  the  skin  was 

through  the  origin.  The  penetration  rates  of  II  and  lost  as  a  result,  of  post-ex|iosure  evaporation.  On  the 

IINI  for  negro  sohjerts  did  not  differ  signifirnndy  other  hand  the  IV"  and  the  median  blistering 

from  those  for  whites,  even  though  die  negr.ie*  de-  dosages  were  determined  only  approximately.  The 

vcloprd  notably  less  severe  injuries  after  exposures  princqml  i*onelusions  that  may  lie  drawn  are: 

of  n  given  duration.  I.  'hie  relation  between  exposure  time  nnd  the 

2.  In  the  rase  of  lienxyl  /S-eldnroethyl  siilfiile  a  amount  of  II,  IINI,  und  IIN3  taken  up  by  the  skin 
linear  relation  lietween  ex|Hisure  time  and  Uienmount  of  die  forearm  was  remarkably  linear.  Tlie  penctm- 
lost  from  the  rtip  was  also  oliscrvcd  but  the  plot  did  tion  rate  for  II  at  70  -73  K  was  1.4  pg  VmVmin  ns 


T.im.r.  5.  PmrlrntHSi  ««f  human  fntrnrm  skin  l»y  sntiirotml  vrsjmnl  vnpnro.** 
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determine*!  for  exposure  time*  of  3-30  minuter.  This 
figure  is  to be  compared  Avith  that  of  3-4  ng  'em*  min 
for  the  er.’ry  of  liquid  If  into  human  alxloniinnl  skin 
at  the  same  tcmperatuie  and  under  the  conditions 
descrilx*d  nlxive. 

2.  Tlic  penetration  efficiencies  of  the  three  com¬ 
pounds  at  Ixith  temperatures  wen*  approximately  the 
same.  In  contrast,  on  a  dosage  (f't)  basis  the  vapors 
of  II  and  IIN3  are  much  more  potent  than  the  vnpor 
of  IIXl.  'Dm*  findings  indicate  that  the  differences  in 
potency  of  these  agents  (nnd  of  lx*nzyl  0-ehlnnx*thyl 
sulfide)  an*  to  Is*  related  more  to  differences  in  the 
injtirv-pnshicing  effectiveness  of  the  molecule*  that 
have  I *ccn  taken  up  by  the  skin  than  to  differences  in 
the  ability  ol  the  agents  to  jjonetmtn  the  skin. 

3.  Under  the  conditions  of  the  experiments  it 
would  not  appear  that  the  skin  of  the  human  forearm 
is  markedly  mon*  sensitive  to  the  vesicants  studied 
at  87  88  K  than  it  is  at  70  72  F.  At  the  same  time  it. 
is  a  well-established  fact  that  hot,  moist  skin  is 
definitely  more  susceptible  to  injury  by  given  vapor 
dosages  than  is  relatively  cool,  dry  skin  (see  Section 
23.7.2).  As  an  explanation  of  the  findings  with  the 
penetration  cups  it  may  first  lx*  noted  that  the  pre¬ 
cision  with  which  the  U»(,*s  were  determine*!  docs  not 
exclude  the  possibility  that  tin*  skin  was  definitely 
more  sensitive  at  the  higher  temperature.  In  fact,  tlx* 
data  taken  at  face  value  indicate  that  it  was  some¬ 
what  more  sensitive.  Secondly,  the  higher  room  tem¬ 
perature  utilized  was  alxxit  at,  and  not  definitely 
nlxive,  the  sweat  point.  The  skin’s  heightened  sensi¬ 
tivity  lx*cnitM>H  most.  prominent  when  it  is  actively 
sweating  and  definitely  moist.  Thirdly,  the  tempera¬ 
ture  and  degree  of  humidification  of  the  areas  of  skin 
covered  by  tlx*  penetrnti*'.  cups  were  prolxildy  not 
so  different  at  the  two  nxim  temperatures  ns  would 
have  lx*en  in  the  **a*e  for  arras  of  Imre  skin  not 
covered  by  the  cups. 

'11s*  experiments  cited  nlsive  indicate  that  sntu- 
mted  II  vapor  “pwetmti**”  human  skin  nearly  as 
rapidly  as  li«|uid  II.  This  finding  is  romilximtcd  at 
the  University  of  Chicago  Toxicity  falximtoty  by 
preliminary  unpublisltcd  experiments  in  which  an  in- 
direct  measure  of  |x*netration,  namely  severity  of  re¬ 
sulting  injuiy,  was  uKIiad.  In  the  case  of  IIX3,  on 
the  other  hand,  it  was  found  dint  an  exposure  to  es¬ 
sentially  saturated  vapor  must  lx*  abmit  10  times  as 
i<Hig  a*  that  to  iiqti’d  agent  (removed  with  a  solvent 
at  tla*  end  of  the  exposure)  if  a  similar  degree  of  in¬ 
juiy  is  to  r**siil(.“** 

With  the  exception  of  some  Canadian  data.1**1'  all 


till 


penetration  measurement*  liave  lx*cn  made  on  areas 
exposed  eitlier  to  liquid  vesicant  or  to  essentially 
saturated  vapor  and  covered  with  a  glass  cup.  No 
direct  measurements  have  lx*en  made  either  under 
conditions  in  which  the  relative  humidity  in  the  cup 
was  maintained  at  a  low  value,  or  under  conditions 
in  which  the  skin  was  frankly  wet.  One  possible  in¬ 
terpretation  of  the  finding  that  wetted  human  skin  is 
markedly  more  susceptible  than  relatively  dry  skin 
to  injury*  by  the  saturated  vapors  of  H  and  nitrogen 
mustanls  *"  is  that  the  vesicant  vnjxirs  penetrate  the 
wetted  skin  more  rapidly. 

.3.2  l/ocal  Fate  of  Penetrated  II  and 
Free  II  within  Skin 

31m*  most  eompleto  study  on  the  l«x*al  fate  of 
penetrated  II  anil  o tlier  vesicants,  and  on  the  possible 
existence  ol  a  “reservoir”  of  free  II  within  the  skin, 
was  made  by  an  NDRC  Division  0  group  at  Har¬ 
vard  1  ■**■■*  This  work  will  now  lx*  reviewed,  and  other 
findings,  some  of  which  antedated  the  Harvard 
studies,  will  lx*  treated  together  in  the  following 
snliseetion. 

Data  Oiitaixko  at  llAKVAitn  "*  '* 

Utilising  II  containing  radioactive  sulfur  (SM) 
luiving  a  half-life  of  87  days,  n  study  iuts  lx*en  made 
in  mnn,  the  pig,  and  the  ralibit  of  the  ammint  of  H 
penetrating  the  skin  (as  dcscrilx*d  More),  of  the 
amount*  of  II  fixed  by  and  extractable  from  the  ex¬ 
posed  skin,  nnd  (by  difference)  of  the  fraction  of 
|x*netrated  II  that  is  trans|x>rt  *d  through  tlx*  skin 
and  carried  away  by  Ixxly  fluids  to  other  parts  of  the 
Ixxly.  The  techniques  have  lx*cn  deserilxxl  in  detail.1* 
\\  ith  resjx*ct  to  the  validity  of  the  methixls  it  will 
suffice  to  mention  hen*  that  no  evidence  is  available 
to  indicate  that  any  biological  system  ran  differen¬ 
tiate  lx*tween  isotopes.  Thus,  so  far  as  tlie  skin  is 
ntmerved,  radioactive  S“  until  its  disintegration  is 
lx»liev«*d  to  lx*  indistinguishable  from  naturally  «x*i*ur* 
ring  isotope*  of  sulfur.  In  the  most  radioactive  sample 
of  H  utilized,  only  I  in  10*  molecule*  was  |x»tenti>illy 
radioactive. 

'Ilx*  pnxrdurr  for  determining  the  amount  of  II 
penetrating  the  skin  was  outlined  in  the  preceding 
section  and  the  essential  findings  were  reviewed.  The 
ammint  of  II  (and  reaction  prmhicts  thereof)  ex¬ 
tractable  from  the  skin  at  any  time  was  determined 
as  follows.  After  swnlibing  three  times  with  cotton 
soaked  in  petroleum  ether,  the  skin  was  frozen, 
excised,  finely  gnxmd,  nnd  extraeted  with  ehlor» 
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form.  S«it>n4i|U«‘tit  irmnipiitat ionn  of  flic  chloroform 
layer  served  to  fractionate  the  extractable  material 
into  I!  ItMotft  thiisliglycol,  and  other  II  derivatives. 
The  amount  of  II  fixed  in  tin*  skin  wax  define* I  ax  the 
amount  present  that  wax  not  extractable  l»y  either 
eold  ixotonie  xalt  xotiition  or  hot  or  eold  chloroform, 
acetone,  or  alcohol.  All  menxiircmentx  of  penetrated, 
fixed,  and  extractnhle  II  were  laised  on  tlie  mcasurt*- 
ment  of  lieta  jairtide  cmixxion  due  to  the  disintegra¬ 
tion  of  S“  originally  incorporated  into  the  II.  How¬ 
ever,  the  data  are  alwavx  expressed  in  termx  of  the 
equivalent  amount  of  mustard  gas  (i.e..  in  II  equiva¬ 
lents). 

of  l-ltoiir  Erpo*urr*  to  Lii/uiil  II.  A  sum¬ 
mary  of  the  results  for  the  three  s|jecirs  is  given  in 
Table  3  and  more  detailed  data  for  man  are  presented 
in  Tables  4  and  (I.  Findings  relating  to  penetration 
have  already  ls*cn  discussed.  The  following  win- 
elusions  may  lie  dmwn  with  respeet  to  the  fate  of 
the  penetrated  II. 

1.  At  the  termination  of  the  I -hour  exposure,  the 
skin  of  Isith  the  pig  and  rabbit  container!  an  aj>- 
preeinble  reservoir  of  extractable  S*.  In  the  pig  alssit 
SO  per  rent  of  the  chloroform  extractable  fraction 
was  II  itself,  al-sit  25  per  cent  thindiglyent,  and 
nlout  25  per  cent  unidentified  sulrstnnces.  Neither 
the  pig  nor  the  rabbit  had  detectable  extractable  II 
derivatives  24  hours  after  exposure. 

2.  In  marked  contrast,  the  reservoir  of  extractabh*s 
in  human  skin  at  tire  end  of  exposure  was  negligible. 

3.  Hie  fraction  of  penetrated  II  fixed  at  the  rail  of 
(lie  exposure  was  25  +5  per  cent  in  tin*  pig,  alssit 
10  per  cent  in  the  rabbit,  and  alssit  12  per  rant  in 
man.  The  rest  of  the  penetrated  II  (i.e.,  88  per  cent 
in  man)  must  have  ls*ct>  •  arried  away  by  Issly  fluids 
lief  ore  or  after  reaction  with  water  of  other  iliffusnblc 


by  environmental  temperature  of  50  UK)  Fund  wen* 
essentially  unchanged  21  hours  after  exposure.  (The 
effect  of  extreme  cooling  and  the  fixation  of  II  during 
the  periisl  following  short  exjsisnres  is  discussed  later 
in  this  section.)  In  the  pig  the  fraction  of  |iencifcitrd 
II  which  U'cotnes  fixed  was  remarkably  constant, 
over  a  range  of  |s*nct  rated  It  values  from  *10  me  to 
2.2  mg  cm;. 

Tims,  it  appears  that  in  the  ease  of  man,  in  con¬ 
trast  with  the  pig  mid  rabbit,  II  is  either  fixed  or 
transported  almost  as  rapidly  as  it.  |H*nctrati*s,  and 
that-  the  reservoir  of  free  II  present  in  the  skin  at  the 
end  of  a  l-histr  exposure  is  very  small. 

Fixation  anil  Tran*\>nrt  of  II  Following  H^Minnlc 
Kj inmorr.K.  Experiments  were  performed  in  which  the 
exposure  time  was  relatively  short  and  in  which  the 
amounts  of  fixed  and  extractable  II  (or  derivative 
tlierrof)  were  followed  during  the  jsist-exjsisure 
periisl.  The  results  an*  summarised  in  Table  7. 

The  most  important  result  was  that  with  man,  all 
the  II  that  was  to  ls*comc  fixed  had  done  so  willun 
alssit  2  minutes  after  the  end  of  the  exposure  period. 
At  this  time  the  amount  of  extractable  S“  was  of  the 
same  onler  ns  tlie  nonsuit  that  had  lirromc  fixed. 
Even  if  all  this  extractable  material  wen*  II  and  12 
per  rant  of  it  sulisequently  liecame  fixed,  tin*  in¬ 
crease  in  total  amount  fixed  would  Is*  negligible. 
Thus,  all  therapeutic  procalure*  baortl  on  mntraliznlinn 
of  frrr  /icnctratrfi  II  in  nut  nece*mr;hj  hr  talarlrnx,  for 
thr  rrr.Mit.  that  there  in  no  ttign  i fieri nl  amount  of  lornlli/ 
free  II  ir'lhin  the  ekin  at  ana  time.  It  has  ls*cn  demon- 
stmt  oil  that  this  conclusion  holds  e\*en  when  the  con¬ 
tamination  with  liipiid  I!  is  massive. 

The  situation  in  the  ease  of  tlie  pig  and  rabbit,  is 
different.  In  the  ease  of  tlie  10-minute  ex|s»sun*s, 
only  alssit  one-half  of  tls*  total  nmimnt  of  II  to  Is* 
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T.ahlis  7.  Amount*  of  fixed  and  exlnietalile  II  as  H»  In 
skin  at  various  Interval*  after  10-minute  exposure*  to 
radioactive  II.'* 


Itnlio  of  amount  of  8* 
fixed  after  elated 


Hfteries 

Ratio  of 
Post*  amount  of ' 

application  extract-  ’ 
period  to  amount  si 

mst-applimtbHt  pe¬ 
riod  to  anssint  fixed 
after  24-hiHir  pi»t- 
application  period 

Man 

2.0  min 

0.0 

l.l 

2.5  min 

1.1 

1.0 

3.0  min 

1 

t.O 

3.5  min 

1.0 

1.0 

10  min 

0.4 

l.fl 

24  hr 

0.0 

1.0 

Pig 

0  min 

0.3 

0.4 

10  min 

1.8 

0.0 

20  min 

l.l 

t.t 

00  min 

0.0 

l.fl 

120  min 

0.3 

1.0 

24  hr 

0.0 

1.0 

Itnhhit 

0  min 

8.8 

0.5 

to  min 

0.4 

0.0 

20  min 

O.t 

1.0 

40  min 

0.1 

l.fl 

24  hr 

0.05 

1.0 

remaining  50  per  rent  Iteeome*  fixed  during  the  find. 
10-20  minutes  of  the  post -exposure  peritsl,  the  ma¬ 
terial  lining  ilmwn  fmm  the  very  ettnsiderable  loenl 
reservtiir  of  II  present  Avithin  the  akin  at  the  termina¬ 
tion  of  the  exposure. 

It  may  lie  notnl  that  some  extraetahle  S“  remains 
in  the  akin  for  stime  time  (minntea  with  man  anti 
htHjrt  with  the  pip;  anti  raliliit).  Perhaps  little  tit  this 
reprraents  unreactod  II.  In  any  event  the  fmetion 
of  it  that  lieeomea  fixetl  tloea  not  contrilmte  a  tle- 
teetalile  inerement  to  the  tpiantity  of  II  that  has 
nlrrntly  lieeome  fixetl  durinr  :ut«l  vety  shortly  after 
the  exptMire. 

Itwiiltn  of  tcr-Pack  AV/ier/wienf*.  (’onfirmutory  evt- 
tle.iee  that  there  is  no  significant  reservoir  tif  ttn- 
reaetetl  II  in  human  akin  at  the  entl  of  a  short  ex¬ 
posure,  Imt  tlrnt  there  is  a  significant.  resen  oir  in  pin 
skin,  is  supplied  liy  experiments  in  whieh  an  iee  paek 
was  applied  immetliately  following  stirfjtee  tleetm- 
tiunination  with  petroleum  ether  at  tl»e  end  of 
|0-iuitiute  exposures  to  li<|uid  II.  In  man  (Table  8) 
the  iet'-jmek  treatment  did  not  significantly  affeet 
either  the  amount  of  fixetl  II  as  determined  21  htiurs 
after  exposure  or  the  severity  of  the  lesion  that  de- 
veloped.  In  the  pin  (Table  0),  on  the  other  hantl,  the 
iee-paek  treatment  resulted  in  the  fixntion  of  eon- 
sit  lemblv  less  II  than  would  otherwise  have  lieen  tlte 
ease,  and  in  the  partial  or  etimplete  inhibition  of 
visible  injury  development.  Tlte  interpretation  is 


T,tst,r  8.  Effect  of  iec-|>ark  treatment  immediately  after 
ex|Mwure  slid'  surface  decontamination  of  human  skin 
treated  with  liquid  fl.u 

All  exposures  were  to  1.1  mg  of  liquid  II  for  10  minutes. 
In  each  ease  the  ptwi-expnmtre  period  was  21  hours. 
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temperature 

CK) 
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iee-pnek 
aptiiiratMm 
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II  fixed 
perem* 
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Classification 
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injury* 

70 

3 

0.04 

1 
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1 

85 

3 
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ll 

0 

1.10 

II 

» 

3 

1.0 

ll 

0 

2.0 

II 

8.5 

3 

2.3 

ll 

0 

2.5 

ll 

85 

3 

<5.2 

III 

0 

5.3 

III 

*  I.  It.  swl  III  refer  to  Injsrlm  nt  isnarrwinvty  InetewSim  armity  M 
iW-rtllml  in  iletsll  In  Srrtlnn  2X.X.3. 


that  the  immediate  appliration  of  iee  greatly  do 
cream**  *he  mte  of  fixation  of  II  liecausc  of  the  high 
temperature  eoeffieient  for  the  activation  of  II  (see 
( 'hupter  ?0),  anti  that,  therefore  the  eutaneiais  reaer- 

Tabije  0.  Fffeel  of  iee-pnek  treatment  immediately  after 
rx|metue  and  surface  decontamination  of  pig  akin  Heated 
willi  liquid  !l.» 

All  exposures  were  to  0.5  mg  liquid  II  per  cm’  for  10 
minutes.  In  each  case  the  pixit-n|>pliration  period  was  20 
Is  aim. 


Pig  No. 

Duration  of 
iee-paek 
aisdiration 
(hr) 

II  fixetl 
perem* 
(sK) 

Classification 

of 

injury 

1 

0 

0.22 

0 

0.27 

0 

0.30 

-*• 

0 

0.70 

+  + 

0.7K 

+  + 

0.82 

+  +  ' 

1.0 

++ 

2 

0 

0.24 

0 

0.25 

0 

0.34 

4- 

0 

0.58 

+ 

11.02 

+ 

tt.77 

+  + 

voir  of  II  in  the  pig  did  not  renet,  Imt  rather  was 
slmvly  earned  away  by  Isslv  fluids  during  the  pnt- 
longed  perns!  of  iee-paek  treatment;  in  man,  ire-peek 
treatment  war.  without  demtmsl  mlde  effeet  Ismail*" 
pmetieally  all  of  the  fixation  ttccurnsl  during  ex¬ 
posure  anti  no  appreeiable  resen  oir  of  II  was  present 
during  the  post-exposure  iee-pae':  treatment.  If,  on 
the  other  hand,  thorough  siirfaee  detoiitaminalion  is 
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not  practiced,  with  the  result  that  ;i  reservoir  of  if 
exist*  on  Inirnmt  skin,  ioo-|>aok  tnatmcnt  d<*'»  reduce 
tlio  severity  of  injury  (Canadian  cx|K'riments  cited 
in  reference  12). 

Otiikm  Hat \  Bkakixo  ox  Local  I'atk  ok  If  Takkx 
Cp  in  Skix 

In  thin  section  will  Ik*  presented  additional  miisel- 
tnncou*  data  relating  to  thr*  fnt<*  of  II  taken  tip  l>y 
flu*  akin  and  to  (la*  persistence  of  free  If  within  the 
akin.  Home  of  tlx*  finding*  unequivocally  reveal  iIk* 
existence  of  a  amnll  amount  of  free  If  in  human  akin, 
tnit  none  appear  1o  compromise  the  principal  con¬ 
clusion  reached  uIhivc  that  in  human  akin  then*  ia 
never  sufficient  (infracted  II  not  removable  l»y  sur- 
faix*  decontamination  to  Ik*  of  pmetieal  import  juice 
in  inji»r>*  pnshtrtion. 

An  iitrly  olisrrvation  "*■  failed  to  ret  ml  any  free  II 
in  the  akin  of  an  amputated  perfuaed  human  leg  that, 
had  Iteen  contaminated  with  5-mg  dmpa  of  li(|ttiil  If, 
decontaminated  with  chanson!  paate  after  It)  minutes, 
and  immediately  tliereafter  fmacn,  aectioned,  and 
extracted.  Another  atudy  in  which  radioactive  liquid 
II  waa applied  ton  human  lm*nat  that  was  amputated 
the  following  day  failed  to  reveal  any  S“  in  tin*  bliater 
fluid.1**  An  inveatigntion  of  the  interaction  of  ntdio- 
netive  fi«|iii«l  If  with  cxciacd  human  akin  in  a  eloaed 
apace  demonstrated  flint  after  21  hour*  nlaiut  SO  |ier 
e«*nt  of  the  S*  applied  aa  II  waa  preaent  in  the  akin 
in  a  form  not  extractalile  with  organic  solvents.1** 

An  important  but  indirect.  lim*  of  eviilenee,  to  Ik* 
discussed  further  in  Section  23X2,  ia  that  dccon- 
taminntion  or  early  treatment  with  none  of  a  large 
numlxT  of  substances  that  react  with  and  detoxify  II 
is  more  effective  in  mi  tie*  ting  injuries  due  to  liquid  II 
than  prompt,  thorough  surface decontamination  with 
inert  organic  solvents. 

The  use  of  a  sensitive  hiatochemica!  teat  4  that  ia 
presumably  specific  for  If  itself  has  !a*oii  used  to 
demonstrate  the  existence  of  fiee  SI  in  the  akin  during 
and  sultscqiicnt.  to  exposure*  to  liquid  H.****"*"  In 
accordance  with  the  bulk  of  evidence  concerning 
fns*  II  in  human  akin,  the  teat  has  revealed  that  II  ia 
demonstrable  in  human  (also  guinea  pig)  akin  only 
in  tlie  epidermis  ami  there  only  for  limited  times 
after  application  of  the  liquid  agent  .'""  In  contrast,  il 
in  small  quantify  was  demonstrable  in  goat  and 

4  Kmwn  sections  an-  treated  with  k*4<I  ehtoride,  which 
reacts  with  II  In  form  an  insotatilc  yellow  cont|ilcx.  Tlie 
latter,  upon  rrdnc'iist  with  sisliam  hydmtMr,  forms  a  Mnelt 
|itei'i|iilatc,  |itcsatiialil.V  melnlllr  gold. 


rabbit,  akin  for  as  long  as  a  day  after  exitosmv.""' 
Tla*at*  reatilta  with  tlH*ir  interesting  a|ttH*iea  variation 
were  confirmed  by  testa  in  whieh  the  akin  of  the  dif¬ 
ferent  speeies  was,  at  vnrimia  relatively  long  intervals 
after  contamination,  plueetl  in  contact  with  the  hit- 
man  foreann.'""  Twt»  tuttl  four  hours  after  contamina¬ 
tion  of  human  and  guinea  pig  akin  w-itli  f‘>  -10  nig  of  II 
spread  <»ver  a  citric  I  cm  in  diameter,  prolong**!  uj>- 
plicat ion  of  the  contaminated  akin  to  thr*  human  fore¬ 
arm  produced  no  injury.  On  the  other  hand,  in  simi¬ 
lar  experiments  rabbit  akin  contaminated  3  lionra 
previously  and  applied  to  the  forearm  for  I  hour  pro¬ 
duced  an  erythema;  no  visible  injury  waa  produced 
when  the  internd  waa  icngtlicnnd  to  I  or  I  day*. 
I  fowever,  goat  akin  eontaminated  2 1  hmtra  previously 
with  50  mg  of  liquid  II  pnaluccd  a  very  faint  ery- 
thema  when  kept  in  contact  with  a  human  forearm. 

No  explanation  ia  currently  at  hand  for  a  aurjtria- 
ing  and  unconfirmed  report  that  seven*  injury  to 
rabbit  skill  developed  iim  a  irault.  of  contact  with  the 
skill  of  gouts  that,  hud  lieen  heavily  contaminated 
with  If,  9  nml  18  ilnys  previously.*7  Tlie  lailk  id  tin* 
available  evidener  wiHild  make  it  serin  impmlmble 
that  the  eniiap  of  injury  b>  the  rabbits  was  a  persisting 
reservoir  of  II  in  the  gimt  akin. 

In  vilro  experiments  indicate  that  II  may  Ik*  re¬ 
versibly  ndsorlaxl  or  otherw  ise  Inniml  by  constituents 
of  plasma  ""•*  and  by  wool  keratein."*'  Tlie  ueetone- 
extnudeil  II  keratein  was  somewhat  irritant  after 
standing  4  tl  weeks  in  a  dcsirrator  but  censed  to  lie 
irritant  after  a  fresh  extraction  with  acetone.  It  has 
lx*cn  suggested  that  a  similar  binding  and  slow  HIk* ra¬ 
tion  of  II  in  pint  may  have  a  retanling  effect  on  the 
rate  of  healing  of  cutaneous  injuries."**  However,  the 
Imlk  of  Uk*  evidence  summarianl  previously  and  in 
Section  23.2  leaves  little  reason  t»  lielieve  that  such 
an  effect  wmild  Ik*  of  much  importance. 

All  of  the  alK»ve-mention«*d  data  and  conclusions 
are  Imsrd  on  studios  made  with  liipiid  II.  In  the  east* 
of  ex|Kistires  to  H  vnjKir.  the  current  eoitseiisus  is 
that  any  reservoir  of  II  which  may  exist  in  human 
skin  after  exposure  to  even  saturated  va|Kir  also  is 
not  sufficiently  large  to  Ik*  of  practical  iiu|Kirtanee, 
and  that  trmtment  of  the  skin  with  ehlommide- 
eontaining  ointments  or  II  sobenls  uiiimsliately 
after  an  ox|Kisun*  to  va|sir  is  without  significant 
effect  on  the  severity  of  the  ensuing  injury. ,nJU"‘ 

Studies  carried  out  during  World  War  !,IM  how¬ 
ever.  six-m  lo  afford  convincing  evidence  that,  during 
sliorl  exposure*  to  satiiratefl  II  vof*»r,  some  of  the 
agent  taken  up  by  the  skin  is  loosely  held  near  tin* 
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surface  anil  evaporates  suf*sc<|tient  to  the  exposure 
during  a  period  of  nt  leant  30  minutes.  The  evidence 
In  of  two  kinds.  (I )  Covering  the  skin  with  glass  dur¬ 
ing  the  period  following  exposure  to  saturated  II 
vn|H*r  resulted  in  mow  severe  hums  than  at  similarly 
cAirnscd  sit<>s  that  were  left  often  to  the  air.  The 
augmentation  increased  with  increased  duration  of 
the  fteriod  of  covering  up  to  30  43  minutes,  nnd  could 
also  Is*  nltscrvcd  in  the  case  of  exposed  sites  that  were 
not  covered  until  30minutes  after  exposure.  (2)  When 
an  area  of  skin  on  the  arm  of  one  volunteer  was  ex¬ 
posed  to  saturated  II  vapor  nnd  then  placed  in  con¬ 
tact  with  the  arm  of  a  second  volunteer  who  had  not 
Isvn  directly  exposed  to  If,  the  second  volunteer  de¬ 
veloped  a  mild  hum  (erythema)  and  tl«e  injury 
sustain'd  hy  the  first  volunteer  was  less  severe  than 
at  control  sites  left  exposed  to  air  after  exposure. 
Th'*se  findings  are  not  lielievcd  to  compromise,  nor 
n«xx*ssarily  to  Is*  inconsistent  with,  the  studies 
which,  during  World  War  II,  have  established  the 
doctrine  that  even  prompt  decontamination  of  a 
vajsir  hum  is  without  prnriintl  value.  However,  in 
retrospect  it  seems  strange  that  the  early  studies 
have  not  licen  re-evaluated  experimentally,  and  that 
the  existed!?  of  a  |xissih!o  reservoir  of  fire  II  in 
human  skin  after  exposure  to  tlie  agent  ns  a  vapor 
1ms  not  licen  subjected  to  direct  experimental  test  hy 
minus  of  extraction  tints  utilizing  radioactive  If. 

an ..i.i  Properties  of  Fixed  (I  and 

Other  Vesicants 

CoRRKLATION  WITH  HkvKRITV  OF  IxjI'RV 

In  Isith  man  arid  the  pig  a  gixsl  correlation  exists 
lietwcen  tin*  amount  of  II  (S’*)  fixed  per  unit  area  of 
skin  and  the  severity  of  tlh  resulting  injury.  TIh>  cor¬ 
relation  Is  not  affected  hydilTcmnccs  in  ex|Misuro  time, 
environmental  temiiemture,  and  other  variables. 

In  tin*  human  experiments  «  the  lesions  were  as¬ 
sessed  clinically  ami  microscojiically,  and  tlie  amounts 
of  fixed  H  determineil,  21  hours  af*cr  exposure.  Three 
major  categories  of  injury,  dcscrilicri  in  detail  in 
Section  23.2.1,  were  designated  as  follows: 

<  5roup  I  .\t  ihl  at  jura.  Tin’s  group  was  characterised 
mneroscnpically  hy  erythema  with  or  without  eilcma 
and  ill  some  inslauces  hy  miliary  vesicles.  Micro¬ 
scopically  the  principal  changes  were  hyperemia  and 
islcma  of  the  corium  without  sufficient  epidermal  in¬ 
jury  to  cause  dcatli  of  more  than  isa-nsintial  isolated 
groups  of  Imstil  cells. 

tiroup  :l  M infinite  iitjuiy.  This  group  was  char¬ 
acterized  macroscopically  hy  the  formation  of  one  or 


more  readily  recognisable,  isolated  or  confluent  vesi¬ 
cles  containing  clear  fluid  and  liaving  crythcnuitoiis 
mat  gins.  Miciuwopieall.v  tlie  vesicles  separated  the 
epithelium  from  the  corium.  'Hie  elevated  epidemiis 
was  necrotic. 

flroup  III  Srt+rc  injury,  Tills  group  was  charac¬ 
terized  imicroscopically  hy  circumferential  rather 
than  central  vesication,  nnd  hy  central  necroses.  The 
eentral  arm  ol  epidermis  was  generally  necrotic  nod, 
although  then*  were  focal  areas  of  lit|ttcfaction,  the 
microscopic  verifies  thus  formed  failed  to  coalesce  or 
to  collect  cm  sigh  fluid  to  Is*  mncroHcopically  visible. 

In  Table  10  are  listed  the  individual  lesions  in  ns- 

Tasi.r  10.  ttrl.-ilion  lictwrcn  nnHHint  of  fixed  II  per 

<w’  nnd  severity  of  result  in*  Injury  In  liuninn  skin.” 

Tlte  k«itms  hip  Inlsiliitisl  ill  Hseending  ooler  of  severity. 


Skin 

temprmtiin* 

(Ft 

Environmental  Kx|misuip 
lemprrMiirr  time 

(Ft  (min) 

II  fixed 
perm1 

(sK) 

0! 
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3 

0.2A 

IM 
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a 

0.21 

ft.*. 
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A 

0.411 

«7 

no 
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0.03 

K7 
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0.77 
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to 

d 

0.A2 

to 

(irnttp  II 

to 

7 

I.2H 
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to 

7 

1.01 

to 

to 
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I.A4 

to 

to 

to 

l.l 
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7 

1.21 

S7 

IU) 

13 

2.:ut 

HM.3 

IK) 

III 

I.0A 

w..i 

(K) 

12 

1.20 

HB.7 

no 

12 

1.10 

KH.7 

no 

13 

I.7M 

S7.0 

no 

i*. 

I.K.1 

H7.:» 

IK) 

IA 

I.HII 

07 

(irnttp  IU 

to 

20 

a.ao 

07 

HA 

IA 

2.02 

10 

M 

2A 

3.IKI 

S7 

IK) 

20 

2.4A 

K7.5 

no 

IK 

3.110 

M7.0 

at 

20 

i.tn  , 

ccnding  onlcr  of  severity  within  carh  of  the  three 
gnHiits.  It  will  Is*  oliserved  that  then*  is  excellent 
agreement-  Itctwccn  severity  of  lesion  and  amount 
of  fixed  II,  not  only  among  the  three  groups  hut  also 
within  each  group.  In  rounded  figures  one  obtains 
the  following  rclationshiiis. 

II  fixed  Severity 

per  cm*  of 

(ski  Injury 

0.1- 1.0  Croup  I 

I.0-2.A  Croup  II 

>2.A  Croup  III 


sixhkt 


f  - 
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It  will  In*  noted  tlmt  Intfh  cnvimnmenfnl  ntul  or 
akin  temperature  and  individual  variation  markedly 
affected  the  amount  of  II  fixed  per  unit  time  of 
application.  Nevertheless,  irrespective  of  these 
variations,  it  was  possible  to  make  quantitative  pre¬ 
dictions  of  the  severity  of  result  in*  injury  from  the 
amount-  of  II  fixed. 

Home  of  the  data  revealing  a  corresponding  rela¬ 
tionship  in  tlie  pi*  are  given  in  Table  0.  The  fixation 
of  0.3  0.4  of  H  per  square  centimeter  was  corre¬ 
lated  with  minimal  reversible  injury  in  the  pi*.  The 
corresponding  figure  for  man  was  nlsail  0.1  a*  cm*. 

Additional  experiments  with  pigs  as  well  as  limited 
data  for  man  revealed  that  when  skin  was  exposed 
rrpcntcdly  to  dosages  of  If,  each  by  itself  of  “stiWn- 
jiirimis”  size,  there  was  a  progressive  local  accretion 
of  fixed  II  ami  injury  occurred  pari  pn*»u  with  tlte 
attainment  of  levels  of  fixed  H  comparable  to  those 
producing  similar  injury'  after  .ingle,  larger  dosages. 
Hepresentativo  data  for  the  pig  are  given  in  Table  1 1 . 

Table  tt.  Correlfltlon  of  severity  of  injury  with  arrvsmt 
of  fixed  it  after  reiirntrdexpMsurrxof  pigskin  to  liquid  ii.'* 
Liquid  li  was  n|t)died  repeatedly  to  thesttme  sites  for 
ii  minuns  nt  05  K.  The  severity  of  injury  wits  Assessed 
•mi  the  nnssmt  of  fixed  II  determined  24  issirs  after  the 
final  nptdirnlioii. 


rs^-~  -  - - - 

No.  of 
stamwive 
Kxpostnr  « indication* 
time  «t  24-hr 

(min)  liitcrviil* 

Duration  of 
icc-pitck 

t  moment, 
(hr) 

Fixed  II 
|s>r  cm5 
(eg) 

Severity 

of 

injuryf 

A 

1 

n 

0.2* 

0 

A 

2 

A 

0.4t 

1 

A 

A 

tt 

0.3t 

0 

A 

4 

n 

0.3 

1 

A 

1 

0 

0.3* 

1 

A 

2 

n 

0.4t 

2 

A 

3 

n 

o.nt 

2 

A 

4 

n 

0.731 

3 

10 

1 

a 

o^v. 

1 

in 

1 

n 

n.n:» 

2 

A(H0K)  1 

0 

1.0 

3 

•  A  v»  turn  *4  4«  ti|»riiikiils. 
t  Avetagr  *4  •«»  r»|trnmtntc. 
t  Tlw  imle  *4  ittjtir*  (fttNmwv«t|iir  i4wMntH«c 
ll 

t  tniMttM1 

t  mtctmcilttfr  mdion 
3  seterr  ngciiun 

Furthermore,  irrespective  of  ice-pack  treatment, 
the  severity  «»f  injury  in  Istth  man  anti  the  pig  paral¬ 
leled  the  umisint  of  fixed  II  (Tables  8, 9,  and  111.  It 
will  Is*  mid  led  that,  in  the  pig,  iee-pnek  treatment 
affect'll  Istth  fixation  and  severity  of  injury,  wlieretts 
it  affected  neither  significantly  in  man. 


Tlte  one  known  experimental  procedure  that  re- 
ditetit  tlte  amount  of  II  fixed  ill  kumiui  skin  is  pro¬ 
longed  post-exposure  treatment  with  HAL  ointment, 
anti  concomitantly  vesicating  injuries  can  lie  con¬ 
verted  to  nonvrslcnting  injuries."  This  dta*s  not  im¬ 
ply  tlmt.  tlie  eutaneous  injury  lsx‘omt>s  lt>ss  seven*, 
hut  only  that  character  of  the  response  is  altenil  (see 
Hection  23.8.3).  Tlie  effect  on  fixetl  H  of  the  treat¬ 
ment  with  BAL  cannot  lie  evaluated,  for  one  rita*s 
not  know  whether  it  resulted  in  the  solution  into  the 
ointment  of  superficial  kcmtiniml  cpitlcmiis  con¬ 
taining  fixetl  II  or  wlwthcr  it  facilitated  the  dis- 
integration  of  sulistanres  containing  fixetl  II  in  such 
a  way  that  they  could  Is*  carried  away  by  Issly 
fluids.  The  uctual  splitting  of  the  Ixmd  lx*tween  II 
anti  tissue  constituents  is  ls*lieveti  to  Is*  a  very  un¬ 
likely  |sissihility  (see  Chapter  19). 

Tlie  relationship  ls*tween  amtsint  of  vesicant  fixed 
and  severity  of  resulting  entanetsis  injury*  has  lu*en 
demtmstmtetl  semiquuntitntively  umler  a  single  st*t 
of  conditions  for  several  sulfur  mustards  in  adtlitiiin 
to  H  (see  Table  12)."  Tlscse  agents  are  ht*(/3-ehloro- 
ethylthio)ethane  «J),  lienxyt  0-chloroethyl  sulfide 
(ls*n*yl-H),  6i*(/J-dilons*thyb  sulfone  (II  sulfotie), 

Table  12.  Cnrrrlnthm  lielwem  nimsintsuf  scvcntl  sTilfur 
vesicants  fixed  in  pig  skis  nnd  severity  of  resulting 
eutnmssis  injury.1* 

In  view  at  the  difficulty  of  otilnlning  uniform  lesions 
with  undiluted  Q,  II  sulfiss*,  nnd  divinyl  sulfune,  tin* 
mifionetive  eomjssinds  were  dissolved  in  ethyl  (’din- 
stdve.  In  tlie  ntsc  of  II,  use  of  this  solvent  is  snkl  not 
to  niter  Hie  rehttion  lietween  nnssint  of  flxisl  ve-lnint  mill 
severity  of  Injury. 

Amtsint  of  fixed  veslennt  (in  nmle»  x 
in  *)  per  em»  of  skin  to  isisluee  the 
fidlowlng  ty|«*s  of  Injury 

Agent  Mild  Motlemie  Severn 


u 

<I.O-I.A 

U*2.ft 

>2.0 

KroxvMI 

<1.0 

1.0  (1.0 

>0.0 

II 

<1.0 

1.0 -0.0 

>0.0 

II  sulfone 

<10 

10-10 

>40 

Divinyl  sulfone 

<10 

10  40 

>40 

nod  divlnyl  sulfttno.  In  each  ease  the  results  of  ex- 
periments  with  pigs  reveal  a  correlation  IsUwccn 
quantity  of  vesicant  fixetl  and  severity  *»f  injury,  (hi 
the  Imsis  of  numls>r  t»f  fixetl  vesicant  molecules  per 
unit  anil  of  skin,  the  following  relationships  I  ml  ween 
the  agents  prevail: 

I .  Bonn-!-!  I  and  1 1  itself  an*  approximately  equally 
effective.  It  will  Is*  recalled,  in  contrast,  tlmt  in  tcims 
of  (lie  amount  of  vesicant  taken  tip  by  the  skin, 
lw*n*yl-H  is  much  less  effective  than  II  (see  Section 
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I 

t 
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23.3. 1 ).  The  inferemx*  in  that,  a  smaller  percentage  of 
penetrating  Is-nivl-l  I  in  fixed  than  in  the  cane  with  If. 

2.  (J  in  significantly  mom  effective  than  II  and 
bentyl-lf,  possibly  liecausc  I  Kith  of  the  chlorine  atoms 
in  IIhi  molecule  can  react  with  important  cell 
groups  more  frequently  than  in  the  cane  with  the 
smaller  It  molecule. 

3.  II  Mtlfone  and  di vinyl  suffone  possess  only 
nlsstt  one-seventh  the  efficacy  of  If.  The  divergence 
in  not  surprising  inasmuch  as  these  sutfones  react  hy 
a  different  rtux-honism  than  II  and  possess  different 
relative  reactivities  toward  tissue  group*  (see  ( ‘hapter 
19).  The  similarity  of  the  injury-producing  capnrity 
of  the  two  rtdfones  is  in  accord  with  the  chemical 
evidence  that  It  sutfone  reacts  through  the  interrmxli- 
atc  formation  *f  divinyl  sulfone  (see  (’hapter  19). 

Rati:  nr  Pimapi’Kahanck  nr  Fixkh  II  krom  Hi-wan 
Skin 

Fixed  II  disa|ipears  from  the  skin  only  very  slowly. 

It  remains  approximately  constant  in  ammint  for 
alxMit  a  week  after  exposure  and  then  slowly  disap- 
pears  et  a  rate  that  parallels  Ixifh  the  rate  of  ht'aling 
us  evidenced  in  microscopic  sections  and  the  rate  at 
which  dead  epidermis  is  desquamated.  Tims  it  ap¬ 
pears  that  the  Issly  cannot  readily  metalsdiae 
fixed  II. 

These  statements  are  lmscd  on  experiments  with 
eight  volunteers,  each  of  whom  received  two  10- 
minute  exposures  to  liquid  II.1*  One  site  was  excised 
after  a  short  post -application  periisl  (I  hourtoSdays) 
and  the  otlier  after  a  relatively  long  post-application 
perksl.  The  ratio  of  the  amounts  of  fixixl  II  in  the 
two  sites  gives  a  measure  of  the  loss  of  fixed  II  during 
the  long  post-application  periisl.  Although  subject  to 
considerable  experimental  c*~or,  tlie  results  (Table 
13)  suffice  to  establish  tlie  .datements  of  the  preced¬ 
ing  paragraph. 

T\m.l!  1.1.  Itntc  of  (li*:t|n>p;ir:inpr  of  fired  It  from  lmm.ni 

»kio  « 
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I’crccnt  of  orlgiiifllly 
fixed  It  still  nt 
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I  (10 
100 
SO 

1.1 

2.1 


Disihiiu-tiov  ok  Fixko  II  Within  Skin 
A*  previously  stated.  radio-autograph*  of  six-tioned 
animal  and  luiintin  skin  treated  /«  rim  with  II  reveal 


that  the  rtulioactive  sulfur  is  fixed  in  all  region*.*  The 
epidermal  concentration  is  significantly  higher  than 
thoeoncentmtiou  in  the  euriunt. 

Fractionation  and  analysis  of  pig  skin  exposed  in 
tim  to  liquid  II  likewise  show  tluit  II  is  fixeil  in  the 
comified  la.ver,  in  the  malpighian  lu.ver,  anti  in  the 
corinm.'*  Tlie  results  of  t  wo  quantitative  ex|M<rinicnts 
(Table  14)  reveal  that  alsait  Ml  pt*r  cent  of  the  fixetl 

Toii.it  14.  DistrllMitlon  of  fixed  It  in  tlie *p|inmtrd  Inver* 
of  pig  skin.11 


I si  ver  of  skill 


sg  of  fixed  II  per  cm' 
of  equated  skill 
Ivxpt.  I  Kxpt.2 


IVreent  oftoinl 
fixeil  II 

Kxpl.  I  Kxpt.2 


Tol.ilskin 
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Mnlpigfilnn  layer 
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2.7.1 
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100 
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2.1 

4.8 

70 
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.1.5 
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511 

0.70 

1.3 

2.1 

23 

0.05 

l.l 

24 

18 

sulfur  was  present  in  fhe  epidermis  and  only  aismt 
20  per  rent  in  the  dermis.  Of  the  II  fixed  in  tho 
epidermis,  aixait  70  per  eent  was  present  in  the 
romified  layer.  Since  this  layer  consists  of  dead  tissue, 
it  is  difficult  to  see  how  fixation  of  II  in  it  could  lie 
responsible  for  cutaneous  injury. 

In  tlie  case  of  mild  to  moderately  severe  lesions, 
most  of  tin*  injury  is  confined  to  the  malpighian  layer. 
In  the  pig,  fixation  in  this  layer  of  alsait  0.25  gg  of  II 
per  cm*  of  skin  surface  is  associated  with  exposures 
to  II  sufficient  to  pmdticr  blisters  in  man.  Since  the 
nnmlicr  of  cells  per  cm*  of  pig  malpighian  layer  is 
alsait  2.5  X  10V*  10*  10*  molecules  an*  fixed  |a*r 
malpighian  <*cll.  Although  this  fignn*  appears  large, 
it  correspond*  to  the  fixation  of  only  nlssit  25  miens- 
moles  of  II  per  gram-atom  of  nitnigvn,  i.e.,  to  tlie 
fixation  of  I  molecule  of  II  per  10,(100  nitrogen  atoms 
in  the  malpighian  Inver.  Sims*  much  lait-  not  all  of 
the  skin  nitmgen  is  in  tlie  form  of  protein,  and  since 
typical  pniteins  «*ontnin  only  a  few  (i.e.,  approxi- 
mately  4)  nitrogen  atoms  per  side-chain  gniup 
potentially  etqmble  of  rending  with  II,  this  di*gn*e 
of  injury  would  eoirespond  to  the  nuetion  of  II  with 
no  mon*  than  one  protein  side  chain  in  10, (MM).  v 

Theeffcx-ts  of  li  on  cell  division  and  rcprisludion 
(six*  ( -hapter  21 )  and  (lie  microscopic  oltscrva'ions  of 
nnchxir  degenemtion  in  skin  exposed  to  II  prompted 
a  determination  of  the  distribution  of  fi\ix|  ||  in  the 
nuekxir  and  extmnurlear  fractions  of  ‘lie  cxjsisixl 
skin. '*  Analysis  n*venl«x|  that  an  appnx'iahlc  fraction 
(i.e.,  12.5  |s*r  cent  t  of  the  fixixl  II  was  associated  with 
constituents  of  the  nuclei.  On  a  nitrogen  basis  the 


RHt’KKT 


MKOIUNISM  or  CmNWlt  H  INJIRY  BY  Ml HTXRIH 


m 


conrentnrion  of  fixed  tl  in  the  inntpiyctiiivn  nnc-k'i  wn* 
only  aland.  4(1  per  cent  of  thn*  in  (ho  on  tiro  mulpigh- 
inn  layer  (Table  I  A).  This  difference  Is  not  ladicvcd  (o 
have  qualitative  significance. 

Tawi.Z  15.  Dfctritxilion  nl  fixed  II  in  Ike  m.ilpighinn 
Inver  of  |rig  skin:  per  ccni  present  in  the  nudei.* 

Mlenimo(es  af  fixed  pgof  fixed  II  |**r 


8kln  fmeiliai 

II  |s>rgrnm*titnm 
<i(  nitrogen 
Kzpt.  I 
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nri<l  unit 
Kxpt.  1  Kxpt.  2 
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«7 
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It. 8 

layer 

X  Uriel  frtun  mnl|Hgte 

37 

0.42 

1.45 

_ Inn  Inyer _ _ _ 

Chemical  Properties  or  Fixed  II 

The  nature  of  the  constituents  of  pig  skin  that  fix 
II,  ami  the  elinmeterof  tlie  H-tlssur  llnkngi*  that  are 
formed,  have  lieen  studied.*-1*-'* 

In  one  experiment  *•’*  the  skin  that  was  ami  had 
lieen  exposed  in  rim  to  li(|iiid  II  for  II  hour*.  Twenty- 
four  hours  later  it  wna  fm«cn,  excised,  and  studied. 
Tlie  prolonged  exposure  wax  sufficient  to  produce  a 
very  severe  hum.  Nevertheless,  the  fixed  II  amounted 
to  only  0. 1  per  cent  of  the  dry  weight  of  the  skin  and 
only  a  small  fraction  of  the  ehemieal  groups  ea|mhle 
of  eomhining  with  II  had  done  so.  The  principal 
findings  were: 

1.  Tlie  treatment  with  It  did  not  markedly  affect 
tlie  solubility  ehameteristies  of  the  skin  constituents 
as  reveakd  hv  a  fractionation  procedure  simultane¬ 
ously  carried  out  with  unexposed  skin. 

2.  The  II  must  have  reacted  with  many  different 
skin  constituents,  liecause  tlierc  was  at  least  a  small 
amount  of  radioactive  sulfur  in  each  of  the  various 
fractions  that  were  oldainisl,  and  licenuse  only  a  part 
of  tlie  radioactive  sulfur  was  split  off  hy  any  one  of 
the  several  procedure  that  were  utilized. 

2.  Tlie  fixed  II  was  not  associatisl  to  an  appreci¬ 
able  extent  with  lipoidal  material  in  the  skin,  for  only 
negligible  amounts  of  radioactive  sulfur  were  found 
in  acetone  or  alcohol-ether  extracts. 

I.  Most  of  the  fixid  II  was  attiu'hisl  to  skin  pro¬ 
teins  wet  soluble  in  0.0  per  cent  sodium  chloride  solu¬ 
tion.  At  least  three  types  of  link.-igcs  appear  to  Ik*  in- 
volvisl.  (a)  Linkages  (pmlmbly  earlaixyll  split  in  the 
eold  id  a  mild  alkaline  reaction  (/ill  f»>  to  yield 
dlnh table  radioactive  inatcriai  (|iriuci|mlly  thin- 
diglycol).  Th«*so  linkages  constituted  40  !>er  eent  of 
the  total,  (b)  Linkages  in  addition  to  (a)  split  by 
nutnrlaUug  to  yield  also  dialyzable  radioactive  ma¬ 
terial.  These  linkages  constituted  20  |>er  cent  of  the 


total,  (e)  Linkages  not.  split  by  either  of  the  itlmvc 
treatments  constituted  10  per  cent  of  tin*  total.  The 
compounds  (presumably  proteins)  containing,  this 
portion  of  the  radioactive  material  were,  however, 
largely  Iwnnght  into  solution  by  tlie  autoclaving 
procedure. 

The  stability  of  fixed  II  in  pig  skin  with  n*spect.  to 
alkaline  pH  was  also  studied  in  tumther  experiment.15 
In  this  ease  the  fixed  II  amounted  to  only  uliout 
2  Mg  cm*  of  skin  surface  and  tints  was  associated  with 
only  moderately  severe  injury.  Results  obtained  with 
skin  excised  after  post-application  periods  of  I  and  of 
21  hours  were  not  significantly  different.  Tlie  princi¬ 
pal  findings  were  ns  follows: 

1.  Aland  10  per  cent  of  the  fixed  radioactive  sulfur 
liecame  soluble  in  -15  hours  ifl  pit  7.  Tlie  percentage 
increased  progressively  with  Increasing  pH  and  be¬ 
came  virtually  100  per  rent  in  4$  hours  at  pH  Id. 

2.  Aland  25  per  rent  of  the  alknline-soluhle  fixed 
radioactive  sulfur  was  pieeipitatod  by  80  per  eent 
alcohol.  The  II  residues  involved  were  undoubtedly 
attached  to  protein. 

3.  Aland  75  per  eent  of  the  alkaline-soluble  radio¬ 
active  sulfur  was  soluble  in  80  per  eent  alcohol.  Fifty 
to  sixty  per  eent  of  this  sulfur  was  in  the  form  of 
thiodiglvcol. 

4.  At  pH  1 1  the  rate  of  solution  of  fixed  II  Invatne 
nearly  negligible  niter  Hi  hours;  nt  pH  0  the  rate  c| 
solution  was  much  slower. 

5.  (Jiven  sufficient  time,  70  per  cent  of  tlie  fixed  sub 
fur  can  In*  rendered  soluble  by  trrid  men!  at  pH  values 
in  the  mngo  0  1 1.  It  appears  to  rrquirr  a  higher  pll 
to  lender  tlie  remaining  30  per  cent  soluble. 

Fractionation  of  skin  exposed  to  H  containing 
radioactive  sulfur  and  use  of  the  isotope  dilution 
mellital  migld  |a*mut  the  identification  of  varimisof 
the  constituents  that  luive  fixed  II.  Miner  much  of  the 
fixed  II  is  attarlied  to  proteins,  hydrolysis  of  the 
p.-otrins  in  such  a  manner  ns  to  retain  tlie  fixed  II 
attached  to  amino  arid  residues  wmild  permit  a 
determination  of  the  nature  of  tlie  linkages  lietween 
II  and  protein  molecules.  It  has  lieen  suggested  that  ^ 
tin*  digestion  of  H-trrnted  skin  by  proteolytic  en¬ 
zymes  migld  arliicvc  this  end,  but  to  date  only  pre¬ 
liminary  experiments  have  lieen  performed. '* 

(Qualitative  evidence  has  lieen  obtained  tlud  tin 
fixation  of  If  by  skin  brri  in  nilm  occurs  by  a  com¬ 
petition  factor  mechanism.'*  Tlie  fraction  of  the  II 
•hut  is  fixed  by  skin  constituents  is  less  when  com¬ 
peting  sulwtanees  (e.g.,  thiosulfate  ion)  are  present 
than  when  they  are  absent. 
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23.  t  1IIOCI1KMICAL  CHANGES  IN 

VKSICANT-TRK ATE!)  SKIN 

In  this  section  attention  will  Is*  confined  princl- 
pully  to  the  mctaliolism  of  skin  treated  in  rivo  with 
vesicants,  anil  to  studies  upon  the  nativity  of  cn- 
iym<*s  occurring  in  skin. 

Most  of  the  work  on  skin  biochemistry  in  relation 
to  II  hum*  was  stimulated  by  the  eniyme  theory  of 
vesication  (aw  Chapter  21).  Although  tentative  sug¬ 
gestions  that  the  action  of  II  depends  upon  ita  re- 
aetiona  with  proteins  and  'or  eniymes  were  made 
early  ia  the  inter-war  pcritsl, **•"*''  the  eniyme  theory 
of  vesication  received  ita  greateat  impetus  shortly 
liefore  and  during  the  first  part  of  World  War  II. 
It  waa  aet  forth  by  Peters  (1039)'*'  in  the  open 
literature  anil  Ini  to  a  vast  amount  of  ehemieal  and 
hioeliemient  research  in  the  United  Kingdom  and  the 
United  States  during  the  war  years  (see  Chapters 
10,  20,  and  21).  Ita  application  to  the  araenieala  led 
to  the  fruitful  development  of  the  dithiol  antidotes 
ineluding  2,3-dimereaptopmpanol  (BAD  (see  ( 'hap¬ 
ten*  0  and  31).  No  sueh  eonapieuoua  praetieal  eonse- 
quenres  for  therapy  have  attended  ita  application  to 
tiie  sulfur  and  nitnigen  mustards.  Although  the 
theory  provides  a  plausible  interpretation  for  the 
akin-injurant  action  of  II  and  related  compounds, 
and  although  some  but  not  ail  eniymes  in  the  akin 
liecome  inactivated  as  a  sequel  to  the  application  of 
these  vesicants,  it  remains  to  lie  determined  whether 
or  not.  injury  is  primnrihj  dependent  upon  direct  re- 
aetion  of  the  ugenta  with  one  or  a  few  specific  and 
highly  important  proteins  or  other  molecular  species 
which  contain  groups  uniquely  sensitive  to  II.*  Al¬ 
ternatively,  the  more  or  less  random  reaction  id  the 
vesicant  witli  the  react*. ce  grraips  of  mimmiio  pro¬ 
teins,  which  certainly  occurs  (Section  23.3.3),  may 
urolerlic  tl»e  development  of  the  nlwcrvcd  patho¬ 
logical  effects. 

At  tlw*  present  time,  and  without  prejudice  to 
filtur*  dc\  >  lopments,  it  is  pmfailtl.v  reasonable  mi 
draw  the  following  conclusions.  (I)  Tltcre  exists  as 
yet  no  convincing  evidence  that  the  inactivation  of 
any  one  eniyme  or  group  of  enzymes  has  a  mnml  re¬ 
lation  to  the  developmeni.  of  vesicant  Isims  of  tlw 
skin.  It  is  true,  however,  that  most  of  tin*  investiga¬ 
tions  have  I  sen  confined  to  entvmes  Involved  in 
carlsihydrate  metalsilism.  (2)  Aborning  it  wen* 
found  that,  one  or  more  cniynu's  are  uniquely  sensi¬ 
tive  to  II  and  that  their  inactivation  is  enusaliy  n*- 
latcd  to  tiie  development  of  injury,  it  is  not  now  ap¬ 


parent  how  this  knowledge  could  Is*  utilized  to  effect 
improved- therapy  (see  Chapters  19  and  21).  At  the 
mme  time  it  is  obvious  that,  possibilities  for  investi¬ 
gating  the  causal  sequence  of  events  lietween  the 
lienetration  and  mpid  fixation  of  H  as  the  initial 
steps  and  the  development,  of  gross  injury  as  the 
final  outcome  are  not  exhausted.  A  promising  lead 
may  lie  fiaind  in  the  discovery  that  some  eniymes  an* 
libernM  fmm  their  fixed  positions  in  the  skin  as  a 
fairly  early  sequel  to  the  application  of  II  to  the  skin 
surface  in  p mi.**-"** 

23.t.t  Oxygen  Consumption  and  Glycolysis 

In  1933  Berenhlum  reported  ,a  that  cutaneous  ap¬ 
plications  of  II,  II  sulfone,  and  other  vesicants  in¬ 
hibit  the  development  of  tumors  (skin  ean'inomas) 
evoked  by  applications  of  coal  tar.  Berenhlum  et  nl.14* 
sulwcqucntly  showed  that  II  in  r/fro  causes  a  limited 
inhibition  of  the  oxyg**n  consumption  of  minced 
tumor  tissue  (Jensen  rat  sarcoma)  and  a  pronounced 
inhibition  of  its  aerobic  and  anaerobic  glycolysis. 
These  otwervations  have  historical  importance  lie- 
cause  they  contributed  to  tin*  development-  of  the 
eniyme  theory*  of  vesication  and  led  to  a  numlior  of 
studies  on  skin  metalsilism.  Most  of  tin*  studies 
dcmon.itmtc  that,  suliscqucnt  to  treatment  of  skin 
in  cm*  or  in  rilm  with  II  or  otlier  sulfur  and  nitnigen 
muxtnnls,  respiration  (oxygen  consumption)  is  but. 
slightly  inhibited,  whereas  glycolysis  is  markedly  re¬ 
duced.  In  Mime  instances  skin  slid**  were  ineulmted 
with  the  vesicants  in  vilrn.  w-  '*  ®  <)f  greater  interest, 
are  the  olieervations  in  which  vesicants  wen*  applied 
to  the  skin  in  rim  and  measurements  sultsequciitly 
made  after  exrising  the  skin.”,'•"*•,"*••'l•r•,,” 

Akmoiuc  Mktaimu.ism 

Normal  skin  is  an  actively  n*spiring  tissue,  tin* 
oxygen  consumption  of  preparations  excised  from 
young  rats  living  as  gn*at  iis  I  A  mm*  hr  mg  of  dry 
weigbt.,"*•  Tiie  resistance  of  the  oxygen  consumption 
to  inhilrition  by  II  is  -wealed  bv  the  alisenre  in  one 
study  of  significant  differences  lie!  ween  normal  skin 
and  skin  treated  with  20  |icr  cent  II  in  alcohol  for  I 
hour  alien  measurements  were  made  during  the  first 
and  second  hours  after  treatment.5*  Ollier  ol*serva- 
thtns,,**»-n**  i  however,  indicate  that  a  significant 
but  Is  died  inhibition  of  Imsle  respiratory  rale  (l.e., 
no  stifist  rates  :uldrd)  docs  develop  during  the  first  I  2 
hours  after  prisoning.  Oxygen  cimsumplion  of  im- 
t rented  skin  is  said  to  Is*  uninfluenced  by  addition  of 
glucose  *****  but  to  Is*  markedly  increased  bv  sue- 
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cinatc."*1  The  per  cent  inhiliition  produced  by  treat¬ 
ment  with  If  wiw  decreased  in  the  presence  of  sue- 
rinate."*'  In  one  investigation  pyruvate  appeared  to 
ha\T  littlo effect  on  the  respiration  of  tho  normal  akin 
Imt  the  per  font  inhibition  of  respirution  of  II-troottMl 
akin  won  increased."*'  In  n  sccmid  atmly  pyruvntc 
npltearul  to  have  no  «»ff«*ot.  on  tho  oxygen  consump- 
thm  hy  normnl  akin."""  Tim  interpretation  of  these 
finding*  hna  lieen  deimted.1"*"'1"" 

Tin*  nerobie  glycolysis  of  normal  nit  akin  la  low  nml 
la  unaffected  hy  pyruvate.1"*"  For  nlaiut  1.5  hour* 
after  treatment  with  II  ♦here  in  no  significant  change 
in  the  rate  of  acid  pnalnetion  in  the  preaenee  of 
Klueoae.  Within  nlaiut  3  hours,  howcvci,  a  marked 
decrease  hna  occurred,  much  larger  than  tlie  full  in 
oxygen  "onnumption,  ami  tlie  n**pimtory  quotient 
Iiuh  fallen  from  a  normal  value  of  0.88  to  nlaiut 
0.50.""* 

Anakimhic  ( itiVroLvaia 

The  work  of  the  Dixon  gtv.tip  allowed  that  under 
anaerobic  eomlitiona,  normnl  exeiaed  rat  akin  nml 
akin  extraeta  in  the  absence  of  ndded  stiMmto  pro¬ 
duce  Inetie  neid  at  n  low  rate  Tlie  glycolysis  of  ox- 
ciacd  hut  otherwiae  intact  akin  ia  greatly  incten*i*d  in 
the  preaenee  of  glucose,  mo.lemtely  increased  hy 
hcxnocdiphoa|ihntc,  very  alight  ly  inereaaed  hy  hexo- 
aemonophoaplmte.  and  not  i’.ierenacd  hy  glycogen.1*" 
Utilisation  of  glueoae  and  ct'  the  hexoaephoaphntea  na 
well  can  lie  denumst  mf  cd  in  cell-free  eximeta  if  pro- 
viaion  ia  miule  to  prevent  the  destruction  of  two 
necessary  coenxymc*  .•orymasc  and  adenvltriphos- 
phnte  (ATI*),  hy  enxymes  present  in  the  extraeta."’*' 
In  acetone  powder  extracts  from  normal  skin,  the  in¬ 
activator  of  vusymnsc  is  destroyed  and  the  ATP 
inhihitor  weakened  *»•  that  it  can  lie  itihihited  hy 
fluoride.  In  the  presence  of  fluoride  and  the  necessary 
coenxymea,  such  extracts  utilise  glucose,  glycogen 
(more  slowly),  hexoacmonophoaplmte,  ami  hcxnsedi- 
phosphntc  to  form  acids,  presumably  glyrerophos- 
phoric  and  phosphoglyceric. 

After  treatment  with  II  in  rim,  tlie  residual 
glycolysis  (i.e.,  no  added  sulistmte)  of  excises  I  Imt 
otherwise  intact  skin  remains  unaltered  hut  tin* 
glycolysis  of  added  glucose*  to  lactic  arid  liccomcs 
almost  completely  inhibited.""*-'  Correspondingly, 
in  acetone  powder  extracts  of  ll-trcntcd  skin  in  tlie 
presewe  of  fluoride  hut  without  added  sulistrntes, 
the  slow  ut ilisal ion  of  ATP  to  yieM  difficult ly  hydro 
lyxahle  phosphorus  is  unaffected,  Imt  tlie  greater 
phosphorus  transfer  which  «**curs  in  tlie  presence  of 


glucose  is  markedly  inhibited,  ami  in  the  presence  of 
giyeogen  somewhat  inhibited."'*'  With  added  Itexose- 
monophoaphatc  there  is  also  a  large  inhibition  of 
phnaphnnis  transfer,  Imt  not  so  great  a  one  as  when 
glucose  is  the  sulistmte.  With  added  hexosediphos- 
phate  no  evidence  of  poisoning  hy  II  is  upjmr- 
ent.1"*' 

It.  was  stressed  that  the  metalmlic  alterations  just 
desrrilied  art*  not  apparent  at  0.5  2.5  hours  after 
application  of  II,  hut  that  they  sulisciiucntly  develop 
along  a  time  course  paralleling  tho  d.  elupment  of 
gross  injury  to  the  skin."""''1"*'  In  addition,  tests  of  a 
large  numlier  of  vesicant  and  nonvesiennt  sulistuneos 
demonstrated  the  existence  of  a  good  correlation  be¬ 
tween  skin-injurant  nothin  and  inhibitory  effect  on 
the  glycolysis  of  glucose  hy  rat  skin.,"*"',*,1T 

K 

\ 

23.1.2  Observations  and  Interpretations 
in  Terms  of  Knxymes  in  Skin 

Tlie  olisen*ntions  mentioned  nlmve  were  interpret- 
nlile  on  the  Imsis  that  c.n  important  napect.  of  skin 
metalsilism  is,  as  in  yeast  and  muscle,  the  break¬ 
down  of  glucose  hy  a  pathway  involving  phosphoryl- 
ating  mechanisms,  and  that  the  initial  phosphoryl¬ 
ation  stage*  mediated  hy  hexokinase  and  deutem- 
hexukinasr  are  inhibited  hy  II  and  other  rclntcd 
vesicants.  Such  on  important  disruption  of  metalm- 
lism  could  reasonably  lie  expected  to  result  in  eell 
pathology  and  death.  It  was  further  demonstrated 
iiy  the  Dixon  group  that,  yeast  hexokinase  in  vitro  is 
readily  and  mputly  inactivated  hy  vesicants; ,n*1# 
that  hexokinase  is  in  fact,  present  in  the  skin ;  that 
treatment  of  skin  with  II  in  vim  results  in  the  in¬ 
hibition  of  this  hexokinase  after  a  latency  and  ac¬ 
cording  to  a  time  course  corresponding  hi  those  for 
glycolysis  inhibition  and  the  development,  of  gross 
injury;  and  that  gymohexose  ami  other  enxymes 
of  the  skin  were  not  inhibited  in  vivo  hy  H.'**'-f  These 
oliscrvntionH  led  Dixon  to  develop  the  hexokinase 
(Inter  phosphokinosc)  theory  of  vesication, Ac- 
cording  to  this  theory  n  primary*  causal  step  in 
vesication  is  tlie  reaction  of  the  vesicant  with  these 
enxymes,  which  thereby  liwumo  inactivated.  / 

In  appraisal  of  this  theory  it  may  Is*  noted  that 
Dix-m  recognised  the  difficulty  caused  for  it  hy  the 
evidence  that  II  in  skin  rapidly  undcrw***  activation 
and  reaction,  nml  dims  not  persist  its  such  for  many 
minutes  (Section  23.3.2).  Dixon  himself  demons!  rated 
that  the  inhibition  of  glycolysis  dcv<  lops  after  the 
UMial  latency  even  if  fns*  II  is  destroyed  hy  decon¬ 
tamination  of  the  skin  with  chloramine-T,  5niinuti*s 


Hix'iurr 


HIOCIIKWICU.  CIUUKH  l\  VKKI<‘.4  Yr-TNK%TK»  MMX 


5(11 


after  «*«»ntitiniiuif Furthermore,  im|x>rtm.t 
though  not  nccivsarily  obvious  pathological  evidence* 
of  injury  develop  within  a  few  minute*  after  ap- 
nlimtion  of  II  and  other  ve*iennt*  (Section  23.2.1). 
Thu*,  the  avnihilile  rliitii  0  m  to  warrant,  the  eon* 
cluxinn  that  ve*ication  er  .ot  lie  a  eon*e«pienee  ol 
the  direct  reaction  of  if  .'ith  hoxokinase  in  the  skin 
utile**  implau*ihle  and  complicated  sttltsidinry  hy* 
pothese*  are  invoked.  The  parallel  Iietween  the  time 
eour*e*  of  hcxokinaae  inhibition  and  fall  of  anaerobic 
glyeoiysi*  on  the  one  hand  and  the  development  of 
gm**  evidence*  of  serious  injury  remain*  striking, 
but  it  i*  prolmble  that  tliese  alteration*  are  eophe* 
nomerm  rather  than  cause  anil  effect.  In  this  regard 
some  olisenation*  on  the  cfTccts  of  HAL  may  lie 
pertinent,  lire  glycolysis  inhibition  produced  in  rat 
skin  by  II  i*  reversed  by  HAL,**"  but  it  is  known  that 
long-continued  application  of  HAL,  although  pre¬ 
venting  blister  formation  on  ll-treated  human  skin, 
doe*  not  prevent  cell  injury  and  death  (i.e.,  the 
character  Imt  not  the  severity  of  the  pathological 
response  is  altered). 

In  a  search  for  early  change*  in  IT-treated  skin,  to 
which  the  delayed  hexokinase  inhibition  might  lie 
secondary,  it  was  found  that  there  is  an  early  liliera- 
tion  and  disappearance  of  a  proteinase."*”  Fifteen 
minute*  after  heavy  contamination  of  rat  skin,  in 
which  relatively  gross  pathological  changes  appeared 
within  a  few  minutes,  the  activity  of  this  enzyme  had 
decreased  by  over  20  per  mit,  and  00  minute*  after 
the  contamination  the  decrease  in  activity  exceeded 
40  per  cent.  There  was  evidence  that  much  of  the 
decrease  in  activity  is  not  a  direct  inactivation  of  the 
enzyme  as  a  result  of  reaction  with  the  vesicant,  and 
that  the  enryme  is,  in  part  at  least,  lilicmtcd  from 
its  fixed  |m  wit  ion  in  tin*  tissue  and  after  a  time  carried 
away  by  the  circulation.  T*v-  steps  which  must  pre- 
eeileand  cause thcpnitcinnxclilicnttionnrr  not  known. 
It  wa*  suggested,  however,  that  the  lilwuntionof  the 
proteinase,  however  it  may  lie  caused,  may  prwxsle 
and  cause  tlie  Imul  ap|iea ranee  of  leueotaxine.  In 
any  event  digestion  of  tissue*  ami  proHns  by  the 
proteinase  in  Film  does  lilierate  leueotaxine,  anil 
leueotaxine  is  pnslucisl  in  the  skin  as  a  consequence 
of  t  nut  incut  with  vesicants.**  As  statist  in  Section 
23.2.5.  the  time  relations  for  the  appearance  of  leuco- 
taxine  in  vesicant-treated  skin  do  not  appear  to  have 
Iss'ii  dctcrmiuixl,  nor  is  evidence  available  a*  to 
whether  the  pniteinase  and  or  leueotaxine  can  in¬ 
activate  hcxokinaxc. 

An  important  additional  olwenation  liearing  on 
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the  lilieration  of  cuxymiw  in  skin  as  a  consequence  of 
treatment  with  II  has  I  asm  made  by  NI>iU*  in¬ 
vestigators.**  Hat  skin  was  excised  4  hours  after  treat¬ 
ment  with  II  and  examined  forphosphohexoisomrntse 
and  Inorganic  pyrophosphatase  activity.  These  en¬ 
zyme*  were  chosen  for  t**st  liccnusc  in  Film  the  funner 
is  not.  inactivated  by  H  while  the  latter  is  quite 
susceptible  to  inactivation  by  vesicants.  The  trout- 
ment  with  li  resulted  in  a  loss  of  00  SO  |>er  cent  of 
ls»th  enzymes  from  the  *u;>erfieiul  layers  of  the  skin 
obtained  after  scraping  away  the  edematous  sulieii- 
t ancons  layers.  However,  analysis  of  unaemped  por- 
tions  of  skin  showed  no  significant  difTerenees  lie- 
tween  the  isomeruse  and  inorganic  pyrophosphatase 
contents  of  H-t  rented  ami  normal  area*.  Those  fiml- 
ings  led  to  the  suggestion  that  after  treatment  of  the 
skin  with  II,  these  enzyme*  are  Icaehcd  from  their 
usual  positions  in  the  skin  and  |xiss  into  the  edema 
Httid  of  the  sulieutancou*  layers.  The  edema  lluid 
was  in  fart  found  to  vontnin  higher  concent  rat  ions 
of  Ixith  enzyme*  than  blissl  serum.  Tliese  oliscrva- 
tions  illustrate  the  difficulty  of  interproting  the  re¬ 
sult;  of  ex|ieriments  with  intact  skin  and  must  lie 
considered  in  the  evaluation  of  ull  the  work  deserilied 
in  this  section.  Furthermore,  it  has  lieen  emphasized 
that,  when  the  in  rim  effect  ol  a  vesicant  on  an  en¬ 
zyme  in  a  given  tissue  has  lieen  established,  this 
knowledge  cannot  lie  applied  a  priori  to  other 
tissues.** 

In  addition  to  the  enzymes  considered  alsive,  the 
(Missible  relation  of  the  pyruvate  oxidase  system  to 
vesication  has  received  consideration.  The  marked 
susceptibility  of  pyruvate  oxidation  in  prc|iamfinn* 
other  than  skin  to  inhibition  by  sulfur  ami  nitrogen 
mustard*  "*•••*•■«•  led  in  fact  to  the  first  serious  con¬ 
sideration  of  tut  enzyme  theory  of  vesication.  The 
findings  were  that  in  ehop|ied  brain  preparations  the 
formation  of  pyruvate  is  little  affected  by  vesicants, 
whereas  oxidation  of  this  acid  is  strikingly  inhibited 
by  II,  li  sulfone,  divinyl  sulfone,  and  11X3.  The 
effect  did  not  d<‘|icnd  on  inactivation  of  vitamin  Hi 
nor  of  glutathione.  Although  the  liearing  of  the  find¬ 
ings  on  the  development  of  skin  injury  has  lieen 
minimized  and  doubt  expressixl  that  pyruvate  oxida¬ 
tion  is  of  im|M»rtanrc  in  the  normal  tnetalsilism  of 
skin,"'**-1  the  objections  in  turn  have  lieen  criti¬ 
cized. ,,,n 

Tla*  possible  role  of  ciinlimwtcrnxc  in  skin  met  ale, 
nli*m  and  in  the  action  of  vesicants  ha*  also  lss‘U 
considered."*"  Tliis  enzyme  is  present  in  skin  ami 
litis  Iss'ii  found  to  lie  inactivated  after  cutaneous 
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applications  of  II,  T,  and  methyl  N-ff£ehIons*thyl)- 
N'*nit  niMN'arlMUnuto. 

2.1  .-t.3  Miscellaneous  ( .bscrva  tions 

Few  studios  have  Ixvn  made  on  trie  grows  ehemieal 
change.*.  that  tteetir  in  vesicant-treated  skin.  One  tla.v 
su!>sequont  to  exposure  to  il  vapor  (Cl  ■  7, SOI)  mg 
min/nt*),  the  total  phosphortis  eontent  of  rat  skin 
(pelt)  was  lower  by  alsait  20  per  rent  than  in  the 
ease  of  fasted  control  ruts.’*'  A  further  change  did 
not  occur  hut  the  concentration  in  the  pelt  of  the 
controls  progressively  decreased,  to  lieeome  on  the 
third  day  essentially  the  same  as  that  in  the  gassed 
animals.  The  reduetion  involvnl  predominantly  the 
arid-insoluble  fraction  of  the  skin  phosphorus.  Under 
tlie  conditions  of  the  experiment  little  change  in  the 
water  content  of  the  skin  was  produced,  and  it  is  not 
known  whether  the  early  phosphorus  change  de¬ 
pended  upon  a  ilirrri  effect  of  the  vesicant  on  the 
skin. 

Suliscqucnt  to  application  of  H  to  mhhit  anti  rut 
skin  in  emt, no  nueleoprotein  was extrartahle, whereas 
a  large  quantity  could  lie  extracted  from  control  areas 
of  untreated  skin.,Up 

The  sodium  nitmprussidc  test  has  Itern  applied  to 
fmsrn  sections  of  normal  rat  skin  anti  of  skin  pre¬ 
viously  treated  in  riv n  with  liquid  II.**  The  color 
developed  by  the  test  in  the  H-treated  skin  was  less 
intense  than  in  the  control  skin,  a  finding  interpreted 
to  mean  that  sulfhydryl  groups  hud  disappeared  as  a 
sequel  to  applications  of  the  vesicant. 

The  Ouninri  test  for  alkaline  phosphatase  Is  almost 
negative  in  normal  skin  but  strongly  positive  in  the 
scab  of  heat  bums.  In  the  case  of  II  bums  the  scab 
and  immediately  subjacent  tissue  is  negative,  but 
regenerating  dermal  tissue  is  strongly  posithe,"1* 

Oltservations  on  (If.  effects  of  diet  on  the  suscepti¬ 
bility  of  skin  to  injury  by  vesicants 4,1  will  lie  dis- 
cussod  in  Section  23.7.1. 

23.5  IMMl  NObOGiCU.  IMIK1NOMKN \  \NI) 
IMMl  NtH  IIKMICM.  STUDlhS 

Information  available  as  of  Xovemlier  1911  on 
skin  sensitization  to  vesicants  has  l>een  authorita- 
tivelv  and  exhaustively  reviewed.47 

The  inherent  or  “primary”  damaging  action  which 
is  exerted  by  ||  on  the  skin  of  previously  uncxj>oscd 
men  and  animals  presents  some  features  in  common 
with  changes  seen  in  eczematous  allergic  reactions.41 
.\b hough  it  was  denied  by  some  investigators  during 


World  War  I  that,  in  addition,  a  specific  sciisiti- 
zntion  is  prodocH  as  a  result  of  preceding  ex¬ 
posures,1 ll7*14*  the  majority  of  the  earlier  workers47 
and  all  of  the  more  recent  investigators  «i  w.n* 
are  agreed  that  sensitisation  develops  in  a  consider¬ 
able  proportion  of  individuals.  At  the  present  time 
then*  can  lie  no  doubt  that  II,  like  some  other  simple 
chemical  sulvst  uncos  (e.g.,  dinitrochlorolicnzciic)  etui 
act  as  a  |>otcnt.  sensitising  agent  in  man  and  also  in 
tlie  guinea  pig.4M,,  "“'k  ,7*',s*  Data  on  other  species 
(e.g.,  the  rabbit, 4,*m  rut ,4***  and  mouse  **)  an*  in¬ 
complete.  In  nuui  and  the  guinea  pig  the  acquired 
hypersensitivity  is  characterised  Isith  by  skin  rela¬ 
tions  to  dosages  to  which  “normal"  individuals  do  not 
cart  and  by  more  definite  reactions  to  larger  dosages 
than  are  exhibited  by  normal  individuals. 

23.3.1  SKNSITIZVriON  IN  MAN 

Localized  cxp'ieurcs  to  II  appear  in  many  cases  to 
lie  followed  by  an  increased  sensitivity  of  the  Issly 
surface  ns  a  whole  in  man  as  well  us  in  t  he  guinea  pig,* 
but  it  is  possible  that  a  greater  degree  of  hypersen¬ 
sitivity  develops  in  the  ncighlmrhood  of  a  previously 
Isimed  area  than  at  more  distant  rt*gion*  of  the 
Issly.4*'  In  experiments  in  which  subjects  were  ex¬ 
posed  to  localized  applications  of  liquid  II,  cutaneous 
hypersensitivity  could  Is*  demonstrated  within  8 
days  but  was  more  pronounced  after  4  weeks.  The 
acquired  hypersensitivity  appears  to  persist,  for  long 
poriisls  and  perhapsfor  life.47-1"*  Results  of  animal  ex- 
|s>rimonts  "•'5*  an*  in  accord  with  this  view  ami  it. 
may  Is*  noted  that  a  worker  who  ap|s*ars  to  Imvc  di>- 
vc'opcd  a  hypersensitivity  to  II  during  World  War  I 
exhibited  an  cxtnrnc  degree  of  sensitivity  when  lie 
again  encountered  the  agent  during  World  War  II. 

'Die  mictions  of  hypersensitive  individuals  to  test, 
applications  of  II  in  small  doses  fn*qucntly  an*  char¬ 
acterized  by  the  delayed  development  of  erythema¬ 
tous,  papular,  and  vesicular  lesions.  This  form  of 
n-sfsmse,  similar  to  those*  evoked  by  eexematnus 
allergens  such  as  |*>ison  ivy  and  certain  dyi*s,  is  ls*- 
lieved  by  some  authorities  to  Is*  typical  of  liypor- 
sensitivity  to  1 1.47  The  flare-up  of  old,  healed  1 1  lesions 
after  fresh  contamination  of  another  site  Ims  also 
frequently  ls*en  olworved.4,’H"  Flare-up  may  tntuii*  ^ 
fi*st-  itself  as  itching,  as  erythema  and  edema,  or  even 
in  some  instance  »s  foil-blown  vesication.  In  addi¬ 
tion  to  the  usual  eczematous  si  usitizations,  there 
have  ls*en  reported  two  cans  of  urticarial  sensitiza¬ 
tion.  In  tln*M*  instances  wheal  formation  develojssl 
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ti  short  time  after  application  of  1!  to  subjects  who 
had  previously  (icon  exposed  to  the  agent.4”41 

In  variims  investigations  the  incidence  of  hyper¬ 
sensitivity  sulisrqucnt  to  exposure  to  II,  ns  tested  hy 
applicationi*  of  small  amount.**  of  II  diluted  in  a  drop 
of  wilvcnt,  has  varied  Itctwccn  nlxait  30  per  cent  and 
alsiut  <v5  per  cent.47  Degrees  of  sensitivity  1,000  times 
greater  than  the  “normal”  ns  determined  hy  drop 
dilution  test*  develop  in  a  few  instances.**  **  It  is 
difficult,  however,  to  estimate  in  how  Inrge  a  par¬ 
entage  of  eases  the  hypersensitivity  liecomes  suf¬ 
ficient  to  liear  practically  on  the  field  aspects  of 
chemical  warfare.  It  is  clear, in  any  event,  that  a  smalt 
proportion  of  individuals  do  develop  such  high  de¬ 
grees  of  hypersensitivity4’  and  a  few  apparently 
possess  such  exceptional  unconditioned  sensitivity, 
that  it  is  impractical  for  them  to  work  in  lalxiratories 
or  factori«*s  where  II  is  present,  in  such  small  con¬ 
centrations  as  to  lie  without  nppnrrnt  effect  on  the 
majority  of  workers. 

A  striking  example  of  extreme  sensitivity  to  II 
vapor  is  supplied  hy  a  recent  incident  at  Kdgrwnori 
Arsenal.’41  A  soldier  who  had  previously  experienced 
severe  reactions  from  exposure  hi  small  amounts  of 
chemical  warfare  agents  and  who  was  known  to  suffer 
from  hay  fever  was  accidentally  expose*!  to  a  small 
amount  of  II  vapor  which  drifted  over  the  area  in 
which  he  was  quartered.  Although  normal  subjects 
in  the  same  area  experienced  no  symptoms  anil  al¬ 
though  two  other  H-sensitive  individuals  dcvchipcd 
only  slight  reactions,  tin*  soldier  iu  question  developed 
sufficiently  severe  systemic  symptoms  and  cutaneous 
injuries,  including  extensive,  intense  edema  ami 
areas  of  vesication,  as  to  require  hospitalization.  Some 
of  the  skin  lesions  required  2N  days  to  heal. 

One  instance  of  acquire*1  cutaneous  hvpersmsi- 
tivity  to  a  nitrogen  mustard  (11X3)  has  lieen  de- 
serilieri.IM  Then*  is  also  one  reported  ease  of  nun* 
cutaneous  sensitivity  to  1  IN  I ,  in  which  slight  cx- 
iswure  to  the  vesicant  eau*«>d  allergic  conjunctivitis 
ami  acute  usthmutoid  bronchitis.*  The  subject  was 
not  exceptionally  sensitive  to  II  or  It  is  not  known 
whether  the  relative  ulisencc  of  reports  on  cutaneous 
sensitization  to  nitrogen  mustards  reflects  low  sensi¬ 
tizing  potency  of  these  conqtounds  or  merely  tin* 
fact  that  relatively  few  subjects  have  Ih*cu  exjssssl, 
and  in  particular  r»*|ientedly  exposed,  to  these 
agents.4’ 

Then*  is  gisst  evidence  that  sensitization  to  II  is 
not  nss**ciated  with  increased  susceptibility  to  ar¬ 
senical  vesicants.4’ 


2.1.5. 2  Sensitization  anti  Descnsitization 

in  Unittca  Pigs 

Under  XDIU  ■  auspices  an  investigation  of  the 
development  ami  possible  prevention  or  nlmlition  of 
hyjierst'nsitivity  to  II  was  initiated  very  early  in  the 
war  and  led  to  what  ap|x*ar  to  have  Isx'n  the  first 
experimental  sensitizations  of  Inlmrutory  animals  to 
this  agent.*  The  results  together  with  those  of  simul¬ 
taneously  anti  auliscquently  conducted  American,44" 
British, uM.fc.otT  Canadian  '* •”*  studies  will  lie 

reviewed  in  this  section.  It  may  lie  noted  that  the 
active  XDIU'-  work  in  this  field  was  discontinued 
late  in  I  fit  2  liecaust*  it  was  liclicved  that  no  informa¬ 
tion  of  practical  importance  to  the  military  during 
the  war  would  result  from  additional  short-term 
studies.  Although  partial  desensit ‘nation  and  re¬ 
fractoriness  to  sensitization  have  la*en  pnxluced  in 
guinea  pigs,  the  studies  have  not  lieen  extended  to 
human  subjects,  and  tlie  results,  although  interesting 
ami  provocative,  do  not  suggest  practical  procedures 
for  protection  against  II  in  warfare. 

I\0*  *TIOS'  OK  IfvCKRSK.VSlTIVITV 

Definite  cutaneous  hypersensitivity  to  II  In  guinea 
pigs  has  lieen  produced  quite  consistently  by  the 
following  procedures: 

1 .  Treatment  of  the  skin  of  the  hick  with  8  drops 
of  a  0.05  or  0.10  per  cent  solution  of  II  in  ligroin 
alsmt  10  times  (luring  3  weeks."  Two  to  3  weeks  after 
.the  final  application  almost  all  of  the  animals  re- 
ncted  to  a  test  (application  of  0.1  per  «*ent  II  in 
castor  oil)  which  in  normal  control  animals  was  cun- 
sixtently  negative.  The  animals  reacted  as  vigorously 
turd  consistently  to  tests  with  highly  purified  (re- 
rrystallizcri)  II  as  to  less  pun*  thiodiglyeol  or  I /‘^in- 
stein  II.  The  sensitizing  applications  of  0.05  -0.10  |s*r 
«*ent  II  elicited  considerable  inflammation  of  the  skin. 
Sensitizing  application  of  0.02  p«*r  cent  likewise 
elicited  inflammation  ami  Induced  hyiierxciiHitivity, 
Isit  0.001  js*r  cent  II  caused  relatively  little  inflam¬ 
mation  mid  practically  no  hypersensitivity.  Six  ap¬ 
plications  of  0.5  |s*r  cent  II  in  ligroin,  which  caused 
severe  hums,  proved  less  effective  than  the  more 
numerous  treatments  with  0.05  0.10  per  cent  solu¬ 
tions.  Animals  littmcd  severely  with  a  single  drop  of 
undiluted  ||  likewise  develo|N*d  hypersensitivity  of 
only  a  low  degn*e.  He|)ea*<xl  c.\|xisurcs  to  dilute  II 
viqmr  elicited  slight  hypersensitivity  iu  some  animals 
but  not  in  others. 

2.  Treatment  with  0.15  percent  II  in  ligroin  once 
daily  for  10  days.4*  Some  lad  not  all  animals  pre- 
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viously  Riven  n  Mingle  small  (lose  of  If  also  exhibited 
hypersensitivity. 

•1.  Intmprritoncal  injection  of  furmatin-killesl 
♦nltercle  Iwcilli,  followed  I  day  laler  l»y  htmprri- 
toncnl  injection  of  0. 1  mg  of  H.,u' 

I.  Scalding  of  the  skin  sufficient  to  produce  edema 
without  tiles*  ration,  followed  I  dn.v  later  by  intrafieri- 
tonejd  injection  *»f  0.4  mg  of  If.**** 

5.  Repeated  applications  to  the  same  spot  on  the 
skin  of  smnll  doses  of  If  diluted  in  l*cn*eno.u,,-k  This 
method  pnslueod  gcncnilizcel  h.vpe*ratmsitivtty  over 
the  Issly  surface  hut  the  site  where  the  sensitising 
applications  hud  iieen  applied  was  distinetly  more 
sensitive.  It  was  considered  that  this  procedure  is  the 
simplest,  and  most  effective  method  for  sensitising 
guinea  pigs  t<*  II.",k 

0.  Daily  application  for  10  days  to  the  same  |x»r- 
tion  of  the  skin  of  2  drops  of  0.1  per  cent  II  in.  dry 
liensene.15*  As  in  (I)  als>vo,  a  single  severe  bum  with 
II  was  followed  by  the  development  of  hypersensi¬ 
tivity,  but  only  of  a  low  degree, 

Taken  as  a  whole,  the  olwervntions  demonstrate 
that  in  tlie  guinea  pig  hypersensitivity  is  most  ef¬ 
fectively  pnsluccd  by  repeated  applications  of  II  in 
doses  which,  though  relatively  small,  are  sufficient  to 
pnsluce  skin  injury.  One  or  a  few  larger  applications 
nre  less  effective. 

DKCiRKK  AM)  TlMK  (’ot’MSK  OK  IIvCKHSliXSiTiVlTY 

Tls‘  degns>  of  h.v|iersensitivity,  as  testxsl  by  tlie 
evocation  of  threshold  res|sms*>s  to  dilute  II  solutions 
2  3  weeks  after  the  end  of  a  eisirse  of  sensitising 
applications,  is  considerable.  In  one  investigation  ,,,k 
the  crythcmu-priKlucing  dose  for  normal  control 
animals  wits  I  ggot  II  in  Ismzcnc.  Tlie  hy|K'rsensitive 
animals  reacted  to  ulsiu*  0.2  gg>  indicating  a  20-fold 
inerensr*  in  sensitivity., ’in  another  investigation'* 
control  animals  reach'd  to  II  at  a  maximum  dibit  ion 
of  I  |,(NN)tol  2,000  in  Itcnzene,  whereas  a  sensitizing 
course  of  applications  was  fol  leaves  I  in  the  majority  of 
animals  by  reaction  to  a  dilution  of  1  32,000. 

The  (imr  of  onset  of  hypersensitivity  has  not  Iieen 
investigated  quantitatively  but  there  is  evidence  that 
it  is  present  to  a  significant  degree  within  10  dav.; 
after  tin*  start  of  a  sensitizing  schedule. All  in¬ 
vestigators  *  "*■  '*  agree*  that  hype*rsensitivity,  ones* 
established,  persists  unchanged  for  pmlonges)  |S'rio<ls. 
In  one  instance  the  reactions  of  animals  tested  22 
months  after  sensitization  wen*  not  significantly  less 
pronounced  than  the  reactions  -:f  the  same  animals 
2  3  weeks  after  sensitization.* 


Spkcikicity  ok  Sknsitizatiov 

Several  guinea  pigs  markedly  hyfiersensitive  to  II 
faikxl  to  react  either  to  6iM(0-e*hlemx*thyl)  ether  or  to 
tldodiglyeol  applied  hi  the  shavesl  skin.* 

In  mother  investigation  tutimuls  hyjs'rsensitive  to 
II  proved  to  Ik*  hypersensitive  to  propyl  /3-chhim- 
ethyl  sulfide,  X-hcptyl  /9-chlomcthyl  sulfide,  and  hi 
0-othoxy  ehlomethyl  sulfide  (sir),  but  not  to  phenyl 
/J-ehloroctliyl  sulfide,  II  sulfotte,  or  IIX2.,uk"; 

HkI-ATIVK  SrscKPTI III MT V  OF  IIVPKIIHKXHITIVK  and 

Xokmai.  (SnxKA  Plus  to  Skvkkk  Ixjihv  my  II 
It  is  imiMirtaiit  to  know  whetlier  largi*  ("ensiudty- 
prtslucuig")  applications  of  II  produce  more  scve»it* 
or  more  pmtongesl  injury  in  hypersensitive  than  in 
normal  animals.  The  limited  available  data  indicate 
that  the  differences  arc*  not  great.*  The  onset  of 
marked  injury  appears  to  in*  somewhat  more  rapid  in 
the  sensiti*cs|  animals  and  can  Ik*  evokes!  by  slightly 
smaller  elecsese  eif  liquid  II,  but  in  general  the*  severity 
nice!  healing  lime*  eif  severe  injuries  in  the  I  wet  elnssese 
eif  animals  are  imt  very  eliffe*rent.  Hypersensitive 
animals  proves!  te»  Ik*  little  if  any  more  susceptible  to 
the  effects  eif  inhaled  vapor  than  eliel  normal  esmtrols. 

Pmkvkxtio.v  e>K  Hkxsitizatiox  Tei  II 
Partied  refract etrincsK  to  sensitizatiein  te»  I!  has 
lKS*n  pnKiueesI  by  a  variety  eif  procedure’s: 

1.  (iiiinea  pigs  n*|K*utcdly  cxpe>se*e!- to  ve*ry  small 
dosage's  of  ||  va|K>r  ami  sulitees|ucnt!y  subjes'tesl  to  a 
“sensitizing"  sebeshile  of  e-utanesHis applieittions eif  II 
in  ligmin  usually  faiksl  to  elevelo|>  as  proneMmessI  a 
eiegns*  of  liype*rsrnsitivity  as  was  obtainesl  with 
normal  animals.* 

2.  Partial  refractoriness  to  full  sensitisation  by  II 
was  alsei  indmssl  by  prior  treatment  with  a  se*rie*s  of 
a|itilications  of  highly  elilntesl  II  in  ligmin  fi.e.,  esm- 
essit  rat  ions  lowe*r  tluin  those*  which  presides*  injury 
tuiei  indues*  hype*rse*nsitivity).* 

3.  (iiiinea  pigs  that  litul  siistninesl  a  se*ve*n*  burn 
elite*  to  ii<|iiie|  II  nne!  were*  sulises|uently  give*n  a 
"sensitizing’’  seheehile  of  cutaneous  applications  of 
II  in  iK'iizeuie  develo|Ksl  considerably  le*ss  hy|M*r*e*nsi- 
tivitv  than  normal  esintml  animals.1 ,s* 

I.  \  similar  tesetilt  w:is  editainisl  wlie*n  tlie  esindi- 
tioning  application  of  If,  instead  of  being  ven  large 
nt'd  pmehietive*  of  seven*  injury,  was  only  a  minute 
dose*  (10  gg)  given  sente  0  wes*ks  antecedent  tei  the 
sensitizing  seheslule*.15*  SiihsesjuenL  to  tie*  sensitizing 
setiestule*,  1 1  of  the  uneoiiditjouisi  animals  n*iM'h*e|  to 
a  maximum  dilution  of  I  32,000  II  in  Isnzene  and 


3  to  1  H*»,000,  whereas  of  the  conditioned  animals 
15  of  Hi  reacted  only  to  maximum  dilutions  of 
1/8,000  or  less. 

5.  Then*  is  some  evidence  that  previous  immunita* 
tion  with  diptheria  toxoid  may  mince  tlio  capacity  of 
guinea  pigs  to  lie  rendeml  hypersensitive  to  11  hy  the 
usual  procedures.11** 

Dkkkxsitizatios' 

Tlie  <mly  procedure  which  has  resulted  in  signifi¬ 
cant  desensitixntion  of  hypersensitive  guinea  pig* 
has  Iteen  the  prolonged  daily  administration  of  II  in 
small  doses  to  the  skin.15*  In  one  experiment  a  group 
(A/  of  animals  received  daily  for  10  daw  2  drops  of 
0.1  percent  1!  in  petroleum  ether.  A  arcond  group 
(B)  received  these  dose*  ami  in  addition  20  daily 
administrations  of  0.02  per  cent  II  in  petroleum 
ether.  The  skin  responses  of  Istth  groups  at  10  days 
indicated  thnt  all  animals  were  liecoming  sensitised. 
However,  2  weeks  after  the  completion  of  the  coone 
of  injections  given  to  group  R,  it  was  found  that  in 
this  group,  I  animal  reacted  to  a  maximum  dilution 
of  I  '8,000, 9  to  I  .'4,000,  and  I  to  1  -2,000,  whereas  in 
group  A,  0  reacted  to  I  32,000  and  2  to  1  - 10,000.  In 
a  second  experiment  hypersensitive  animals  were 
treated  daily  for  30  days  with  n  drop  of  0.02  per  eimt 
II  in  petroleum  ether.  Before  the  course,  3  of  0  re¬ 
acted  to  a  maximum  dilution  of  1 432,000  and  3  of  0 
to  1/10,000.  After  the  course,  2  of  0  reacted  to  a 
maximum  dilution  of  1  I  <1,000, 3  of  0  to  I  8,000,  and 
I  of  0  to  I  4,000. 

Attempts  to  dcsensitiiir  hypersensitive  animals  by 
the  following  pmmlures  have  not  met  with  suee<«se: 
repeated  Intmpcritoncal  injections  of  II  in  olive  oil, 
repeated  exposures  to  low  dosages  of  If  vapor,  intro- 
peritoneal  injections  of  !f-t rented  proteins,  ami  cu¬ 
taneous  applications" 'a  h/*(/J-ch!ororthyl)  ether  or  of 
thiodiglycol;  *  production  of  a  severe  II  bum,  intro- 
peritoneal  injection  of  II  in  sesame  oil,  an  immunising 
schedule  with  an  H-serum  conjugate,  and  intnuieri- 
•oneul  injections  of  a  potent  antiserum  against  a 
conjugate  of  II  with  scrum  globulin;  ,4<  and  feeding 
of  1 1 -treated  kemtein  or  of  powdered  skin  from 
Il-sensitive  guinea  pigs."*1  The  effects  of  ingestion 
ul  II  in  olive  oil  were  erratic  in  a  small  sera's  of 
tests.115* 

5.VS..1  Miscellaneous  Observations 

<  >f  interest  in  relation  to  various  miscellaneous  ol»- 
servations  and  to  future  work  on  sensitivity  and 
hy|N>rs<>nsitivity  to  vesicants  an*  a  numlier  of  studies 


on  the  preiMirotion  and  chemical  and  immunological 
properties  of  H-serum  protein  eonu>loxes.,"!l,’15*-15i- 
15,147  H-serum  protein  complexes  prepares  I  in  phos¬ 
phate  buffer  contain  residues  of  phosphate  as  well  as 
of  diethyl  sulfide  and  protein.157  Injection  of  H-scrum 
protein  complexes  produces  antilMsIic*  which  give 
precipitin  reactions  with  the  antigen  injected.'"*' 
,7M4T  Similar  olwcrvations  have  licen  made  with  anti¬ 
gens  prepared  hy  treatment  of  senim  protein  with  II 
snlfone  and  divinyl  sulfone.1"'*''147  There  is  cross-re¬ 
action  l»etween  proteins  treated  with  the  two  sul- 
fones,  hut  not  lietween  sulfone-t  rented  and  ll-treateil 
proteins  ,‘"*h  —  an  observation  of  historical  interest, 
in  relation  to  the  ‘‘sulfone  theory"  of  the  action  of  II. 

Implantation  of  an  Il-collugcn  complex  under  the 
skins  of  rabbits  evoked  no  particular  reaction, 111  nor 
in  normal  guinea  pigs  did  intmdcrmal  Injection  of  an 
H-serum  protein  conjugate.17*  In  some  hypersensitive 
guinea  pigs,  however,  injection  of  the  H-serum  pro¬ 
tein  complex  evoked  a  severe  delayed  reaction  con¬ 
sisting  of  un  area  of  marked  erythema  ami  edema 
with  central  necrosis.15* 

No  anaphylactic  symptoms  were  oliscrved  in 
H-srnsitiacd  guinea  pigs  upon  intravenous  injection 
of  H-protein  complexes, 17* 

The  limited  available  evidence  would  seem  to  indi¬ 
cate  that  a  skin  site  on  a  nonmil  human  subject  is  not 
sensitised  to  the  injury-producing  action  of  II  by 
intmdermnl  injection  of  senim  from  a  hypersensitive 
individual,7**  although  the  possible  existeniT  of  such 
passive  sensitisation  hod  lieen  suggested  hy  earlier 
observations,*7 

2X(,  MOLKCULAR  STRUCTURF  IN 
RKUTION  TO  VKSICANCY 

In  onler  to  pnshiee  vesication  a  sulwtniiee  must 
(1 )  lie  brought  into  contact  with  the  skin,  (2)  pene¬ 
trate  into  tne  skin,  and  (3)  there  exert  actions  that 
culminate  in  injury. 

’Hie  readiness  with  which  a  sulmtunec  mtiv  prac¬ 
tically  In>  brought  into  contact  with  the  skill  has 
little  tearing  on  the  ::ircl<ani*m  of  vesication  hut  is  of 
great  practical  im|M>rtniicc  in  the  choice  of  a  vesicant 
for  i*s«»  in  warfare.  Numerous  physical  ami  chemical 
characteristics  (i.e.,  ease  of  synthesis,  physical  state, 
vajsir  pressure,  stability,  susi'eptibility  to  hyilroi* 
ysis,  etc.)  piny  a  roll*  and  consequently  require  con¬ 
sideration  in  evaluations  such  as  those  presented  in 
Chapters  5  and  t».  It  will  suffice  here  ro  mention  two 
generalisations.  First,  a  solid  vesicant  fe.g.,  cryslnl- 
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Ta»i.b  16.  Vapor  prc-surr*  and  vcKfcnncie*  of  Minx*  sulfur  mustard*. 
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f  1 J<|ui«lH  am JmiI  to  skin  bih!  rovtfoit  t»»  fitrvmit  t-vaitornf  i<*i.  or  akin  r*r*m«*l  to  known  tU*agy+  (ft**)  of  ywihit. 


lino  <J)  of  gn-nt  intrinsic  |xitenry  may  in  practice 
prove  to  lie  relatively  ineffective  when  applied  to 
tone,  dry  skin,  liecnuse  it  makes  poor  contact  and  is 
apt  to  lx*  nililted  or  blown  off  liefore  it  penetrates.**1 
Second,  if  one  compares  If  with  the  most,  vesicant 
sulfur  mustards  having  either  much  higher  or  much 
lower  vapor  pressures,  there  np|>ears  (Table  III)  an 
inverse  correlation  lietwccn  vesicant  potency  and 
vapor  pressure.  Thus,  the  most  vesicant  com|xmnris 
cannot  lie  utiliaed  at  high  vapor  concentrations. 

With  regard  to  penetration  of  tlie  skin,  some  aub- 
stam-es  (e.g.,  iodine,  methyl  salicylate)  which  readily 
penetrate  lack  v<*siciuit  properties.  Other  sulistanccs 
which  are  potent  cytotoxic  agents  when  introduced 
into  the  Ixaly  are  relatively  innocuous  when  appliisl 
to  the  skin,  presumably  liccause  they  are  poor 
penetrants.  The  stilfonium  salts  of  II  provide  one 
example.  Another  interesting  example  is  supplied  by 
a  comparison  of  II  with  its  selenium  analog,  6/*- 
(0-chlnmethyl)  selenide;  the  two  agents  possess  ap* 
proximately  the  same  toxicity  a>  measured  by  their 
M  (),.» s  for  mic*e,  but  the  selenide  would  appear  to 
lie  at  least  several  time-  less  |>otcnt  than  11  as  a 
vesicant-.1* 

Among  the  vesicant  sulistanccs,  quantirative  data 
on  rate  of  pcnct ration  are  available  onlv  for  II, 
ItcncyMI,  IIN1,  and  11X3  (see  Section  23.3.1).  It  is 
noteworthy  that  the  vapors  of  tltese  four  sulistanccs 

which  differ  considerably  in  pbysiciN'Iieniieal 
property's  are  taken  tip  bv  the  skin  with  npproxi- 
matelv  the  same  efficiency  (see  Table  A).  Thus,  tlie 
differences  which  they  exhibit  in  vesicant  (latency 
must  I  s'  due  io  differences  in  the  injury-pnslucing 
effectiveness  of  the  molecules  that  have  penetrated 
into  tin*  skin. 

The  distribution,  activation,  and  reaction  of 
vesicant  sulistanccs  in  a  heterogeneous  system  such 
as  the  skin  are  so  complicated  that  no  detailed  ra¬ 
tional  interpretation  of  voicant  potency  in  .elation 


to  physical  and  chemical  pro|iertifs  can  as  yet  Ik* 
made  for  any  srries  of  chemically  related  com- 
(sitinds.  This  situation  prevails  for  the  sulfur  and 
nitrogen  mustards  in  spite  or  detailed  studies  on  the 
nature  and  kinetics  of  their  chemical  reactions  (Cha|>- 
ters  ID  and  20)  and  on  their  toxicology  (Chapters  5, 
0,  21,  anil  22).  Tlie  meager  results  of  attempts  to 
correlate  kinetic  data  with  toxicity  are  summarised 
ii;  Section  22.H.  Perusal  of  the  reports  cited  in  Her- 
lion  23.3  will  reveal  how  difficult  it  has  lieen  to  obtain 
for  only  a  few  compounds  some  of  the  quuntilntivc 
toxicological  information  that,  would  ls>  rcquiri'd,  and 
attention  has  l>con  called  to  precautions  that  should 
lie  o! (served  in  comparative  studies."* 

Tlicre  are  available,  however,  the  results  of  vesi- 
caney  screening  tests  with  numerous  sulfur  and 
nit  rogen  mustards  and  related  compounds  (see  Tallies 
I  of  Chapters  i>  and  «),•«.» t|lcso 
data  it  has  lieen  possible  to  derive  for  the  sulfur 
compound*  a  numlicr  of  empirical  correlations  lie- 
tween  moleculnr  structure  and  vesictuicy.4  **1*  '"*  Some 
of  the  more  general  conclusions  follow: 

1.  /9-Chlorothiocthcr*  are  the  most  effective  vesi- 
cants  among  sulfur  com|iounds.  Change  of  position 
«rf  the  chlorine  atom  causes  vesicant,  action  to  fall  off 
sharply. 

2.  Tlie  vesicant  (lower  is  greatly  decreased  if  the 
chlorine  atom  is  replaced  by  an  iisline  atom  or  by  a 
group  such  as  cyano,  tliiiswano,  aeeloxy,  or  oximiuo. 

3.  Intnsluetion  of  a  sulistituent  on  a  0-chloro- 
etbylthio  gnsip  of  a  vesicant  deereases  or  •!«•*! roys  its 
vesicant  action. 

I.  71 H'  vesiejint  |siwor  of  a  lliioetbcr  is  decreased 
by  any  cluinge  in  structure  which  lessen.:  the  basicity 
of  the  sulfur  atom. 

5.  ()  ami  its  homologs  having  the  gcni'ral  formula 
CiC7l-CIIeS(Cll3)»SCII}( -lljCI  an*  more  vesicant 
tha.i  II  when  »  ■  I  S;  the  vesicancv  drojis  off 
markislly  for  higher  values  of  «. 
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0.  /9-ChIometltyl  disulfide*  ur<*  only  very  slightly  mtthit  sensitive-relative  to  man,  Imt  under  different 


vesicant. 

7.  Compounds  of  the  type  CieilsClWH-l.- 
H((ilj)»H(il,(ilj('!  are  less  vesicant  than  II. 

8.  Compounds  containing  the  >80  group,  such  twt 
sulfites  unti  sulfoxides,  are  not  vacant. 

9.  Certain  jj-ehlororthyl  and  0-bromnethyl  sul- 
fontw,  solfonyl  chlorides,  and  sulfates  are  vesicant. 

10.  Vesicancy  is  also  exhibited  in  lesser  decree  hy 
certain  halogen-ftx'e  sulfones  nnd  sulfates. 

11.  All  of  the  highly  vesicant  compounds  possess 
considerable  lljioid  solubility. 

It  may  Is?  noted  in  conclusion  that  the  chemical 
mechanism  of  activation  and  reaction  is  different  for 
the  sulfomw  (e.g.,  divinyl  sulfone)  than  for  the  more 
typical  0-chlorocthyl  sulfur  and  nitrogen  mustards 
(Chapter  19),  and  that  the  N-/J-ehloroethyl-N-nitro- 
soenrhnmntcs  (Chapter  8)  and  the  aracnicals  (Chap¬ 
ter  7 1  act  by  still  other  mechanisms. 

23.7  FACTORS  INKUKNC.INt;  INJl'RY- 
PRODI'CINC  KFFKCTIVKNKSS  OF 
VK8ICANTS 

The  injury’-P^Mlucing  effectiveness  of  II  and  other 
sulfur  and  nitrogen  mustards  is  influenced  by  a  multi¬ 
tude  of  biological  and  physical  variables.  All  these 
variables  should  lie  considered  in  the  planning  and 
interpretation  of  quantitative  studies  on  tlie  mecha¬ 
nism  of  vesication.  Many  of  them  lienr  important  lyoo 
the  effectiveness  of  vesicants  in  the  field.  Tlte  factors 
that  have  licen  correlated  with  susceptibility  will 
first  lie  listed  and  discussed  empirically  (Section 
23.7.1),  with  the  understanding  that  correlations  do 
not  necessarily  imply  die.  ct  causal  relationships.  A 
brief  attempt  will  then  lie  made  to  integrate  the 
findings  and  to  define  some  of  the  variables  that  np- 
pcar  to  lie  of  primary  importance  (Section  23.7.2!. 

M.T.I  Factors  Correlated  with 
Susceptibility 

Sckcim 

It  is  cawr  tlrnt  s|*vics  differences  in  susceptibility  to 
cutaneous  injury  by  II  n»  vapor  and  liquid  exist  •* 14  * 
ri..n«  nr  |(11t  there  does  not  appear  to  have  been  oc¬ 
casion  to  make  extensive  comparative  studies.  Tlie 
tinier  of  susceptibility  might  not  prove  to  Is*  in¬ 
variant  under  various  rioting  comhVons.  There  is 
agreement.  that  the  horse  is  relatively  sensitive, ,M  WI 
and  the  guinea  pig  and  monkey  appear  to  lie  rela¬ 
tively  resistant.*’ ,M  Some  oliscrvers  consider  tlie 


eontlitions  others 54  have  fouml  it  more  resistant  even 
though  injury  develops  more  rapidly  than  in  man. 
Hie  pig  is  a  convenient.  e\|ierimental  animal  when 
human  subjects  entumt  Is1  used.'7 14 

In  addition  to  differences  iu  susceptibility  to  in¬ 
jury,  there  are  marked  species  differences  in  the 
diameter  and  time  course  of  injury  development  and 
healing  (see  Section  23.2). 

Hack,  Piomknt,  and  Complexion 

A  numlier  of  olMcrvntiuns  denumstnite  that, 
negroes  are  more  resista.it  than  whites  (Caucasians) 
to  II  as  vapor  and  liquid.**‘41UUM  A  similar  difference 
is  revealed  hy  less  extensive  data  for  HN2  (Table  17) 


Tari.r  17.  ItrliUtvc  susceptibility  of  negroes  nnd  whin* 
to  smnll  (loses  of  liquid  II  mid  IIN2." 
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and  HNl.**  In  the  ease  of  IINI,  tested  by  Itwaliwxl 
applications  of  saturated  vapor,  the  results  indicate 
flint,  tlte  ratio  of  the  cx|>ostirc  times  to  pnsluee  equal 
injury  in  the  two  races  may  lie  in  the  order  of  1/3  or 
I  I.*  Tlie  ratio  in  the  rase  of  II  does  not  appear  to 
lie  greater  and  mny  lie  Icss.’Mn  spite  of  this  significant 
rorial  tlifferenee  in  susreptihility  to  injmy,  the  vapors 
of  II  nnd  IINM  penetrate  tlie  skin  of  negnsw  equally 
ns  rapidly  as  thnt  of  whites.1*  It  luu  I  teen  suggested 
that  the  relative  resistance  of  negroes  may  lie  re¬ 
lated  to  the  relatively  thick  homy  layer  of  their  skin.47 
Tlie  re  do  not  appear  to  liave  licen  mnn-chamlicr  or 
field  tests  to  determine  whether  the  mm«ift»/-pnWMr- 
i»g  effert  of  II  in  negroes  is  suffieicntly  less  than  in 
whites  to  lie  of  practical  signifirnni’c  in  warfare. 

In  view  of  the  apparently  well-established  differ¬ 
ence  liet  ween  the  susceptibility  of  negroes  and  whites 
when  tested  in  tetn|ierate  climate,  it  is  of  interest  to 
note  that  little  difference  was  fouml  lietween  the 
severity  of  injuries  produced  by  application  of  small 
amounts  of  liquid  II  to  Puerto  Itirun  tnsips  and  to 
tnsips  from  the  eontine,.,al  I'nilcd  Slate*.'’  Doth 
gnsqis  of  subjects  wen*  acclimated  to  the  tropics, 
Tlie  development  of  vesication  in  the  Puerto  Kicniis 
tended  to  lie  slower  but  the  difference  was  not  estnli- 
lisheil  with  statistical  significance. 

An  extensive  scri<*s  of  firsts  has  I  seen  conducted  to 
determine  the  Huthe  sensitivity  of  white  and 


SKCKKT 


/  - ' 


508  MECHANISM  OP  CUTANEOl'S  INJtRY  BY  MI'HTAHDS 


Japancse-Amcrican  (Nisei)  troop*  in  the  United 
State*  Army.*'*4*''”  No  significant  difference*  were 
frnimi  lietwccn  the  miction*  of  the  two  group*  either 
to  li<|iti<l  II  at  email  dots'*  or  t-«»  vapor  at  dosage*  of  75 
and  150  mg  min  m*. 

Some  olisrrver*  have  reported  that,  among  white*, 
fair-complcxioncd  individual*  renet  more  severely  to 
II  than  darker-skinned  subject*  but.  other*  have 
failed  to  note  conspicuous  difference*.” 

Data  on  the  relation  in  animal*  of  pigmentation  to 
susceptibility  to  II  arc  not  consistent.  In  a  block  and 
white  pietmld  pig  no  difference  in  susceptibility  of 
pigmented  and  nonpigmented  areas  wns  oliserved.” 
In  piclmld  rats,  on  the  other  hand,  it  is  reported  t!uit 
liquid  II  produced  larger  and  deeper  bums  in  the 
pigmented  area*  thnn  in  the  nonpigmented  region*,*" 
whereas  light-skinned  guinea  pig*  appeared  to  lie 
decidedly  more  sensitive  to  mild  injury  by  It  va|sir 
than  dark-skinned  animals.*1 

Ixim  tot' At.  Variation 

The  error*  inherent  in  testing  method*  as  well  a* 
the  action  of  spurious  environmental  variable-  un- 
doubtixlly  have  contributed  to  the  commonly  held 
impression  thnt  normal  (i.e.,  not  previously  exposed) 
individual*  differ  enormously  in  their  sensitivity  to 
II.  Nevertheless,  there  can  lie  little  doubt  that  con¬ 
siderable  and,  rarely,  large  variations  in  susceptibility 
to  injury  do  exist  liet  ween  individual*  of  a  group  that 
i*  apparently  homogeneous  with  respect  to  the  vari¬ 
able*  enumerated  above  and  Mow.  The  pertinent 
literature  on  man  and  animals  was  reviewed  in  de¬ 
tail  in  1044.  In  addition  to  the  more  important  papers 
evaluated  in  the  review  ui*,M*UM«.i«j  the  results 
of  a  few  other  studies  are  available.14 **** 

In  one  group  of  previously  unexposed  individuals, 
relative  sensitivity  to  M  was  found  to  lie  ilefinitely 
correlated  with  susceptibility  to  HX3,  slightly  cor¬ 
related  with  susceptibility  to  Q  and  T,  but  not  cor¬ 
related  significantly  with  susceptibility  to  I,  or 
phen  vldiehlor  arsine. 

ArqriKKIl  1 1  YPKRsKNslTI  VITY  " 

Hxposurc  and,  particularly,  repeated  exposure  to 
II  often  leads  to  the  development  of  acquired  hy¬ 
persensitivity  (see  Section  23.5). 

I’aht  ok  Boi»v 

One  of  the  most  striking  facts  al*iut  susceptibility 
to  II  ami  the  nitrogen  mustard*  is  the  existence  of 
pronoumaal  diffcrrnci's  lietween  tin*  variisis  regions 
of  the  Issly,  at  least  under  conditions  whim  there 


is  not  gcncralixid  sweating.  ’I'lie  numerous  js'rt incut 
data  from  mnn-olrnmlror  and  field  tests  have  recently 
lieen  *ummaria«l.w',#i,li,*T  In  general  the  most  sensi¬ 
tive  region*  are  those  that  usually  are  warm  and 
moist  and'or  subject  to  friction.”  These  areas  in¬ 
clude  the  scrotum,  penis,  axillae,  and  the  cubital  and 
popliteal  fossae.  However,  the  palm  of  the  hand  is 
exceptionally  resistant/1  Regional  difference*  still 
exist  but  are  much  It's*  pronounced  when  the  body 
surface  ns  a  whole  i*  wet  with  sweat.11,144 

Regional  differences  in  sensitivity  have  Ish-ii  olr- 
served  in  animals  os  well  as  in  inan.w,4"r,n*  (Six*  also 
Section  23.2.2.) 

Aon  ani>  Sisk 

Within  the  rather  limited  age  range  of  17  -35  .wars, 
no  correlation  of  susceptibility  with  age  of  human 
subject  ha*  l*>en  found  in  test*  with  several  sulfur 
and  nitrogen  mustards,  namely  II,  HQ  mixture,  T, 
UNI,  and  HN3."' 

It.  ha*  l*>en  reported  that  duck*  9  week*  old  an1 
definitely  more  sensitive  to  injury  by  small  doses  of 
liquid  It  than  ducks  18  months  old.”1"4 

Nutritional  Statk 

There  appears  to  lie  no  evidence  that  either  sii*4*ep- 
tibility  to  injury  by  II  or  time  for  healing  of  II  in¬ 
juries  an*  appreciably  uffeet«l  by  s|*K‘ially  fortitli*! 
diet*  or  by  sul*'linical  nutritional  deficiencies.  How¬ 
ever,  a  serii's  of  studies 4,1  on  the  severity  ami  healing 
time  of  bums  produced  by  liquid  II  in  nits  demon- 
stmte*  that  alteration*  can  lie  produced  by  «*rtnin 
rriremc  nutritional  deficiencies,  whereas  certain  other 
variations  in  diet  are  without  effect .  The  findings  may 
lie  summarized  as  follows. 

1.  Nutritional  lieficicnry  apparently  resulting  in 
less  extensive  injury  than  in  normal  rata:  advanced 
biotin  deficiency  characterized  by  generalised  ex¬ 
foliative  dermatitis.4"* 

2.  Nutritional  deficiencies  having  little  or  no  eff«*ct 
on  extent  of  injury  or  time  for  healing:  carlsilrydrate 
deficiency:4'*  moderate  rimtrin  deficiency: vita¬ 
min  A  deficiency; 40p  and  magnesium  deficiency 
characteri*e*|  by  erythematous  ami  edematous 

skin.4*4 

3.  Nutritional  deficiencies  resulting  in  Inneased 
extent  of  injury'  and  duration  of  healing  time:  sever'* 
fat  deficiency  characterized  by  an  atrophic,  scaly, 
inelastic  sktn; 4,44  severe  protein  delii  iency:  severe 
ileficienry  of  the  entire  vitamin  14  complex  except 
thiamin,  characterized  by  an  atrophic,  thin  skin;4"’1 
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nnslcmtc  biotin  deficiency;  ^  pvridoxinc  deti-  tho  subjects  immediately  prior  lo  u  HD-minute  c\- 


eicney;  rilKiflnvin  deficiency; 41,1  pantothenic  acid 
deficiency; 4n"  and,  possibly,  severe  inanition.41*1 

■I.  Addition!*  to  a  normal,  complete  diet  having  no 
effect  on  extent  of  injury  or  on  time  for  heating: 
thiamin; 4nl  rilxiflavin; 4,11  pvridoxinc; 4n(  pnntothenie 
neid:4"4  nimtinie  arid: 4"’  inositol;4"'  pura-umiuo- 
Itcnmic  arid; 4"'  hiotin;  40“  choline; 41,1  cystine; 4I*'  and 
(when  administered  only  subsequent  to  the  applira* 
tion  of  II )  vitamin  A  concentrate.4'1* 

5.  Dietary  attemtion  having  no  detected  effort: 
substitution  of  pum-atnin<»l>cn*umide  for  para* 
amitiolM'nzoic  acid.4""' 

A<rt.i\t.vri*.vrioN;  Par:-  and  Post-Kxcosikk 
(’oNi>mosi.\«! 

There  is  a  general  impression  that,  indcjrndcnt  of 
ambient  temperature  and  humidity,  the  skin  is  less 
sensitive  to  injury  by  II  in  the  winter  than  in  the 
slimmer  in  temperate  climates,  and  that  acclimati* 
sation  to  the  tropics  may  alter  susceptibility.  How¬ 
ever,  eviilence  liearing  on  these  suppositions  is 
limited  and  apparently  conflicting.  Ambient  tem¬ 
perature  ami  humidity  wen*  not  adequately  con¬ 
trolled  in  some  of  the  earlier  oliservations.81  More¬ 
over,  measun*ment  of  ambient  tcm|icmturr  is  an 
incomplete  measun*  of  thermal  environment;  tie* 
railiiuit  energy  com|M>nent  has  liccn  overlooked  in 
all  work  to  date. 

Two  thorough  investigations  at.  the  Vniversity  of 
Chicago  Toxicity  Ijilsirator\- 1,  711  fail  t*i  n*vejd  any 
difference  in  intrinsic  sensitivity  to  II  in  summer  and 
winter  at  Chicago.  Tin*  first  of  these  investigations 
was  a  statistical  analysis  of  extensive  data  ol  it  aims  I 
witn  liquid  II  in  small  'loses.14  Xo  eviilems*  of  a 
cumulative  seasonal  effort  indojicndent  of  ambient 
temperature  and  humidity  was  appan*nt.  Tlie 
sissiml  7‘  was  an  extensive  series  of  mun-e!mnils>r 
trials  in  which  subjects  were  cvp«>sed  to  I!  va|*>r  it 
a  dosage  of  100  mg  min  m*  at  various  chandler 
tem|s*ratures  and  humidities.  Kxposurcs  during 
February  and  March  (c*sil  weather)  produced  neither 
more  nor  less  severe  bums  than  eyjs*sun*s  at  «*orn*- 
sponding  chamls*r  tem|s*raturt-s  and  humidities  dur¬ 
ing  July  and  August  (hot  weather'. 

On  the  other  liand  olrsorvntions  at  the  I'nited 
Statics  Naval  Hescarch  Dilsiraton*  n*veal  that  ex¬ 
po  un*  of  subjects  to  the  vapors  of  ||,  HXt.and  IIX3 
under  controlled  conditions  in  a  iimn-cliarnUu*  leads 
t«i  somewhat  mon*  seven*  injuries  in  summer  than  in 
winter.*4  <  Kvidcticr  was  produced  that  pnsssilitig 


posuie  |M*rim!  definitely  decreased  the  sev«*ri»y  oHn- 
Jury ,  and  It.  was  suggested  that  this  factor  might, 
underlie  the  olieervcd  seasonal  effect.  In  any  event, 
it  is  apparent  that  adequate  evaluation  of  a  |M»ssible 
eff«*ct  «»f  acclinmtixation  on  st*nsitivity  nspiires  that 
the  suhjtrt*  Is*  maintaimxi  at  a  chamls*r  temj»om- 
t  urc  and  humidity  for  a  short  while  Indore  and  after 
the  actual  cx|>osurc  to  vesicant  vapor  if  tin*  outside 
conditions  are  greatly  different  from  those  in  the 
chant)  K*r. 

This  condition  was  fulfilled  in  the  course  of  limited 
nrm-ehnmls'r  oltservations  with  11X1  vapor.*"  The 
n*sults  indicated  that  at  a  temperature  of  DO  F  and 
relative  humidity  of  lift  per  cent  this  agent  pmdueed 
definitely  more  severe  injuries  in  the  summer  than 
during  cool  fall  went  Iter. 

Some  Australian  oliservatlon*  also  smn  clearly  tsi 
n*veid  im  effect  of  either  pre-  or  post-exp«»sun*  condi¬ 
tioning,  w-147  KxpoMire  of  subje«‘ts  to  I!  vapor  at  the 
lx*gi*ming  of  the  hot  season  resulted  in  definitely  more 
seven*  injuries  than  eotn parable  exposun*s  at  the 
same  ambient  tem|x>mtnn*  and  relative  humidity  at. 
the  end  of  the  hot  season.  The  tentative  interpreta¬ 
tion  given  in  the  original  report,147  that  the  more 
seven*  effects  pnshteixi  at  the  lieginning  of  the  hot. 
season  is  to  Ik*  related  to  the  higner  envinmmental 
ieni|s*mtnre  prevailing  during  the  jM>st-exp<*sure 
|w*ri*sl,  is  plausible.  Istgically,  however,  there  exists 
the  alternative  |>ossihili*y  that  the  differenee  in 
susceptibility  was  related  to  differences  in  pre-ex- 
p<*sure  meteomlogical  conditions  or  in  the  uetivities 
of  the  subjects  during  the  hours,  days,  or  weeks  Is*-- 
fore  their  ex|s»*un*. 

It  has  gciicndlv  isx*n  ussunied  iluit  |»ost-cxposure 
physical  cxcreisc,  by  pnalucing  mirhanieal  dialing 
and  trmimn  to  partially  injured  skin  (c.g.,  of  the 
scrotum),  increases  the  severity  of  vesicant  in- 
juries.*1*4  However,  in  uetual  tests  Austndian  in- 
v«*stigators  have  noted  no  market  I  differences  in 
severity  of  injury  or  time  for  healing  Ik*! ween  burned 
volunteer  subjects  who  engaged  in  daily  assault 
course  runs  and  others  who  undertiK»k  no  uoleiit 
exercise.1” 

Static  of  Vksicaxt 

A  vesicant  may  Is*  appli<*d  as  vapor,  as  liquid  in 
large  drops  or  splashes,  or  as  a  particulate  of  varying 
(small)  |Kirtidc  sin*.  Comparisons  of  the  efforts  of 
liquid  and  vapor  have  larn  made  in  the  preceding 
sections  of  this  chapter  and  tin*  characteristics  of  par- 
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ticulatt*  clouds  of  vesicant*  ***  »  ".t*.rc»  are  discussed  in 
( 'hupter  I  ft. 

TIh*  sizcnnd  severity  of  i!h»  Injury  pntduecd  l»y  n 
given  amount  of  liquid  vesicant  (e.g.,  it)  is  tiffix-tixi 
by  tiie  degree  to  which  the  liqU'd  is  spread  over  the 
skin.  Tli'  in  turn  may  lie  affected  either  by  the  mode 
of  application *'wh  or  by  movements  of  tin*  subject 
or  animal  to  which  the  dose  is  applied. ,Mr 

Dosaok 

Tiie  time  that  a  liquid  vesicant  remains  in  contact 
with  the  skin  and,  in  the  ease  of  vapor,  the  dosage 
(f  7)  to  which  the  skin  is  exposed  an*  prime  factors  in 
determining  severity  of  injury.  The  numenms  avail¬ 
able  man-clmmltcr  and  field  test  data  suffice  reason¬ 
ably  well  to  define  the  effects  of  exposure  to  various 
(((•sages  of  H  vafstr  on  totally  exposixl  human  suit- 
jeets  under  various  eundit ions  *“.».*' .m.w*  i«.i«  to 
and  have  recently  Itecn  summarized  and  reviewed.*4 
Similar  Itnt  less  extensive  data  are  also  available  for 
the  nitrogen  mustards.*'’  Data  and  catmint  ions  on 
the  dose-lesion  relationship  for  vesicants  as  vajstrs 
and  liquids  applied  to  small  areas  of  skin  an*  also 
available.'* 

KxPOSt  HK  TlMK;  Ml  LTiPl.K  Kxposi  rks 

Data  (tn  the  f,(Ct)M\  of  I!  and  ttn  the  eye  effect* 
(tf  II  and  the  nitntgeu  mustards  give  clear  evidence 
(tf  deviations  fntm  Halter's  law  for  the  range  of  ex¬ 
portin'  time  tl)  210  minutes  (sis*  Chapters  ft  ami  0). 
Although  early  oltservations  also  suggested  the  exist¬ 
ence  of  pnmounccd  variation  in  blistering  dosage  (f7) 
(*r  II  vn|torn*n  function  of  time, 41  the  bulk  of  nxxmt 
data  indicates  that  variation  of  cx|tosun*  time  over 
the  range  5  210  minutes  lias  n-marknbly  little  effect 
on  the  injunint  action  of  given  dosages  of  I!  vapor.*4 
Specific  ex|N*riments  to  test  this  |mint  include  tl) 
vapor  train  ex|tcrimcnfs  with  Itan*  skin  exposed  to  II 
vapor  for  .’I,  10,  and  00  minutes; 14  (2)  man-elmml«*r 
ti*sts  with  II  vapor  on  unclothed  skin  areas  of  ol>- 
sem*rs  c\|to*cd  for  Ift,  30,  and  00  minutes  fxith  at 
00  F  and  lift  per  cent  ndative  humidity  and  at  7H  F 
and  ftf  js*r  cent  dative  humidity: 74  (3)  mnn-ehtun- 
Iter  tests  witli  II  viqtor  on  unclnthfxl  skin  areas  of 
oltservers  c\po*<x|  for  30  and  UK)  minutes  at  00  F  and 
Nft  per  ix*nt  relative  humidity; T4“  and  (D  man- 
ehanilter  ti*sts  of  II  vap.tr  on  clothed  subject'*  »*\- 
|tos(s|  for  It)  and  210  minutes.1*' 

Deviations  from  llals-r’s  law  may  Is*  cxjicctixl 
when  clothed  subjects  an*  exposed  for  short  times, 
Itceause  of  the  effects  of  I'lothing  in  delaying  the  en¬ 


trance  of  II  to  the  skin  and  or  of  effectively  prolong¬ 
ing  the  cx|tosnrt>  time  by  trapping  vafstr  subsequent  ^  - 
tft  tiie  nominal  end  of  the  ex|«tsurr.  Di'vlatlons  may 
also  Is*  expected  fttr  shttrt  exfstsim*  tinu*s  when  tin* 
subjects  enter  a  ehamls*r  maintained  at  a  temperature 
and  humidity  significantly  different  from  those  to 
which  they  are  exftosed  ls*lbre  the  e:»|atsmx*.Hh'*1 

Little  information  is  available  witli  regard  to  tin* 
efft*etiveness  ttf  II  vafstr  at  very  long  expttsure  times 
or  with  regard  to  the  effects  ui  n*|s*at(*d  small  dosages. 

It  ap|s*ars  that  the  injury  resulting  from  n  given  total 
dosage  lss*ttmt*s  pntgn*s*ivcly  h*s*  seven*  as  the 
dosage  is  given  In  mon*  munemus  ftart*  and  at  pro- 
gn*ssively  gn*ater  intervals."*  ( Mtserverx  (*x|stsed  to  a 
dosage  of  ulstut  300  mg  min  m’  divided  in  four  ex- 
fstsun*s  at  2-  or  l-day  intervals  sustained  alsiut  tin* 
same  degree  of  injury  ns  nltscrvcr*  cxfstseil  to  UK)  mg 
min  m*  in  one  e\|ststm*,  and  significantly  less  injury 
than  subjects  exposed  to  a  dosage  of  270  mg  min  m* 
in  two  (>x|MHures  separated  by  only  I  day. 

AltlMTIVKS  AMI  DlM'KXTS 

The  skin-injurant.  jsiteney  of  mixtures  of  vesieiuits 
has  ite«*n  tested  Tor  a  variety  of  misons,  !.(*.,  Is*caus(' 
the  mixtun*  happened  to  lie  pnshit-cd  by  mntiu- 
fucturing  pnsx*ss(*s,  Itceause  it  |stssess(>d  mon*  desir- 
able  physical  pntperties  (such  ns  low  freezing  fsiint) 
than  the  individual  comfsninds,  or  Ismiisc  it  was 
hofted  that  a  potentiation  of  the  actions  of  the  com¬ 
ponents  might  occur.  In  gcncml.  mixtures  of  sulfur 
and  nitnigen  mustards  with  each  other  or  with 
arsenical*,  when  applied  to  tin*  skin  as  small  amounts 
of  liquid  with  evaporation  permit  tod,  ihhscs*  vesicant 
potencies  intermediate  ls*twi*en  those  of  the  indi¬ 
vidual  components.'*-**-*411-"-"  I  IQ  anil  IIT  mixture* 
an*  notably  mon*  potent  than  II  itself  Itoennse  of  the 
high  potencies  of  (J  and  T  (six*  Chapter  ft). 

New  vesicants  have  often  Ihx*ii  evaluatixl  as  dilute 
solutions  in  inert  solvents,  and  the  n-lative  sensitivi- 
ties  of  individuals  to  II  are  routinely  detenninixl  by 
applications  of  dilute  solutions.  It  is  then'fon*  of 
int(*n*st  to  note  t  lint  the  injurant  act  ion  of  1 1  at  a  dose 
of  (ift  jig  was  found  to  lie  less  when  appliixl  diluted  in 
certain  solvents  titan  when  applied  undiliitixl,  and 
that  dlffcnmt  n**ult*  wen*  obtained  with  diffen'tit 
solvents**  (six*  Table  IN). 

On  the  other  hand,  in  the  course  of  attempts  to 
incnxise  the  |sttene,v  of  U  by  use  of  additives,  one 
s|N-einl  set  of  cimimstniiccs  has  Ihx*ii  found  in  which 
diluted  II  is  more  |ioteiit  than  undiluted  II.1*  When 
relatively  large  doses  »»f  II  in  methyl  Cellosolve  an* 
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T IH.  KlfiTl  of  MilvnitK  mi  tin*  injumnt  net  inn  «f  II.* 

In  wrh  )n*tnn<r  01  hr  of  If  was  n|»pllnl,  either  iinill- 
loirnl  «tr  in  Milutimi  a*  liiillrnictl,  in  tin-  forearm*  nf  liunmii 
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applied  to  rirctimxrniied  amis  of  pig  skin  and  decon¬ 
taminated  after  5  minute*,  certain  diliilion*  (j.e.,  I  0 
ami  I  I )  produce  a*  *eriou*  injury  a*  the  mime  volume 
of  undiluted  If,  and  other  dilution*  (i.c.,  2  8  to  3  7) 
produce  more  *eriou*  injury*  than  undiluted  II.  The*c 
nliscrvations  have  lieen  eonlirmeil 55  hut  it  ha*  ls*cn 
deinon*trati*l  that  the  condition*  under  which  the 
mixture  is  the  mon*  potent  an*  very  limited.1*  **•**'  In 
pi**  then*  i*  no  diffen*n«**  lie  tween  the  injurie*  pro¬ 
duced  |»y  neat  II  and  diluted  II  if  the  exposures  are 
for  10  minute*  in*tead  of  5.**  In  man  and  tin*  pi*, 
neat  II  in  Isitli  lnr*e  and  *inall  dim**  pn*luci>il  much 
mon*  seven*  injurie*  tlitui  com**|>i  aiding  volume*  of 
the  mixture  if  decontamination  was  not  practiced .**•** 
If  fni*  *pn*ad  on  the  *kin  i*  |*ermitted  and  deeon- 
tamination  practiced  at  5  minute*,  II  Ccllosolvc 
proilui***  larger  hut.  Ii***  *cven*  Irwin*.55  It  i*  ohvioti* 
that  theu*i*of  II  (‘clloMoh*  mixtures  would  have  no 
pmctical  u*e  in  wurfan*  hut  the  interpretation  of  the 
cnlmnml  effect  under  the  *|>ccinl  condition*  would  la* 
of  con*iderahle  physiological  inten**t. 

l)«*ter*«*nt*  notably  increase  the  solubility  and  rate 
of  solution  of  II  in  water5  and  greatly  di*erensr  the 
intcrfarinl  tension  between  II  and  water.1'*-71  It  mi*ht 
therefon*  la*  ex|a*  ted  that  addition  of  wetting  agent* 
to  II  would  increa**  its  vesicant  e (Teels,  particularly 
on  sweating  skin.  Although  a  preliminary  set  of  ex- 
|m-i intent-  indicated  that  this  was  I  lie  eai**,*’’  eslen- 
si'e  tests  with  small  and  large  dose*  of  liipiid  II  np- 
pliisl  to  animal  skin  and  to  swifting  and  non* we;- ting 
human  skin  fail  to  reveal  any  potentiation  by  any  of 
a  large  numlier  of  wetting  agents.55  «»«.».*.»••  \ 
similar  almmee  of  |toteutiation  of  e<**ieaney  by  atldi- 

SK( 


tioiiof  wetting  agents  has  |  men  noteil  in  exiteriment** 
with  UN:*.**' 

TIh*  tlesirabillty  nf  using  thickened  (viscous)  vesi¬ 
cant*  in  warfare  lm*  prompt  ml  test*  of  the  relative 
vesiennries  of  unthiekenml  and  variously  thickened 
II  ami  IIT  mixtun**  on  bare  skin  and  through  cloth- 
is»  I’mler  a  varii*ty  of  condition*  the 
addition  of  thickening  agent*  ha*  proved  to  have 
remarkably  little  effect,  although  *mnll  but  signili- 
cant  differences  have  Im**ii  found  ill  some  circum¬ 
stance*  **"•"*  and  may  |M*rha|>*  Is*  cnrrelatml  with 
viscosity.15" 

KXVIHOXMKXTAI,  TKMPKItATI'ltK 

Xiimerou*  olraervutions  demonstrate  that  II  a* 
liipiid  and  vti|Mtr  product**  mote  severe  burns  at  high 
environmental  tcm|M-ritturc*  than  at  low  tem|s*m- 
ture*  when  other  t*nvironmt*ntal  variable*  an*  main¬ 
tained  tineluinged.w-,*-**-7M,-,*,-,M  lVrtinent.  man- 
chatnlN*r  and  field  test  data  have  Imen  sttmnmrixcd 
ami  re  vie  wm  I.**  The  most  pnmuimccd  effect,  of  tem¬ 
perature  change  occur*  in  the  range  that  n**ult*  in 
change  of  skin  condition  from  relatively  dry*  to  wet. 
with  sweat.*1 

lllMlOITV 

Increase  in  relative  (or  almolute)  humidity  in  the 
nliscncc  of  change  t»f  tem|N*raturc  or  other  environ¬ 
mental  variable*  also  increases  the  *u*ceptibility  of 
the  skin  to  II.'*  *'  **-7‘  *1  The  effect  of  humidity  change 
may  not  I**  delected  when  it  d«c*  not  result  in  much 
alteration  of  the  moistnes*  of  the  skin,*115'  but  it  i* 
pnmouuced  when  it  result*  in  marked  changes  in 
skin  wetness.*' 

Hxkkcisk 

Kxercise  which  results  in  sweating  during  ex|*»*ure 
produce*  a  pnmouncml  incntisc  in  skin  sensitivity  to 
II  and  the  nitrogen  mt|stnrds.5-’-51'""-l5i-l5,',w  Perti¬ 
nent  nian-ehamlier  and  field  test  data  have  lic*‘n 
summarised  and  reviewed.'0 

Wixo  Vkism  itv  -  AiitKism* 

Wind  velocity  assume* grant  importanci  in  t  he  case 
of  vesicant*  dispersed  as  aerosols  «»r  fine  particulate*.* 
(see  Chapter  15).  It  seems  to  be  of  only  minor  im- 
|*»rtance  in  the  ease  of  vapors, 5il’ r'''75' and  pmh- 

-  At.  i-otalml  mipiililisliiil  nli-crv.'il inti  iif  the  reviewer  -ng- 
*<*"•*  that  1 1 N I  va|Mtr  tiny  priMlure  more -even*  injury  mi  -kill 
wi-Oeil  l»v  water  roiitaining  a  welting  agent  (Zc|fliir:iil  -  a 
mixture  nf  liigti  limit -cnl.ir  ulkyl-tliiir-fliyMit-iizvl  niiitimninin 
rliluritlt-t )  lluia  mi  -kill  wet  list  liy  wnti-r  alms*. 
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ably  art*  principally  vlii  Hu  ♦•fT****#  on  flto  «|«Mcr«M*  to 
which  flic  skin  Ik  wet  wit ti  *wmt.,M 

Of  interest  in  connection  with  Inlsimtory  studios  is 
the  observation  tlmt  thermal  nmmtinn  currents 
over  tin*  surface  of  ti  quiescent  nnimitl  contaminated 
with  liquid  II  carry  vnpor  in  tin*  direction  of  How 
and  result  in  finger-like  extension*  of  the  I  turned 
area.” 

“Raioatok 

l,A|M»sun's  of  suhjeets  to  a  given  dosage  of  If  vnfsir 
in  a  mnn-ehamlier  at  HO  !•'  and  05  |x*r  rent  relative 
Immidity  produced  significantly  more  «nw  injury* 
to  their  arms  than  exposure  of  tin*  arms  alone  of  suit* 
jeets  in  an  arm-chatnlier  at  HO  F  and  05  per  rent 
relative  humidity  when  tin*  remainder  of  tlie  laxly 
was  in  a  nxim  at  70  BO  F  and  20  30  per  rent  relative 
humidity.  When  the  nxim  temperature  was  also 
raised  to  00  F  and  Oft  per  cent  relative  humidity,  the 
arm  lesions  approximated  in  severity  those  obtained 
in  tl»e  mnn-elmmlier.  It  was  concluded  that  t.he  rest 
of  the  I  indy  “i*  capable  of  functioning  ns  n  ‘radiator* 
and  thus  succeeds  in  altering  the  reactivity  of  the 
exposed  surfaces  and  reduced  the  severity  of  the  re¬ 
action"  when  tie*  Issly  is  at  the  lower  room  tem¬ 
perature.’"  It  a p| tears  that  the  “radiator  effect”  can 
lie  interpreted  as  follows:  ••  At  a  rtsim  temperature  of 
00  F  generalised  sweating  occurs,  whereas  at  70  80  F 
it  ths^s  not  (or  is  mild);  thus  the  exposed  forearms 
were  prolmbly  sweating  in  the  former  ease  but  not 
in  the  latter. 

Sisk  or  Kxcosko  A iik a  of  Skix 

It  lias  frequently  licen  notisl  with  surjtrisc  that  the 
lilistering  dosage  of  II  oi  nitrogen  mustard  vapor  as 
determined  by  exposure  of  small  areas  of  skin  by 
vapor-train  or  vaisir-cup  techniques  is  much  higher 
than  the  casualty-prislucing  dosages  of  the  va|tors 
as  detertrined  in  man-chatnls>r  test*.  To  a  eonsidem- 
ble  degree,  the  discrc|sMicy  is  1  lust'd  merely  isi  dif¬ 
ferences  in  the  severity  of  injury*  taken  as  an  end 
point,  on  differences  in  the  sensitivity  of  tlie  parts  of 
the  Issly  surface  cs|*isrd,  oil  differences  in  tem|X'fa- 
tun*  and  humidity,  and  on  the  radiator  effect  d<*- 
scrils-d  alsive.  It  is  possible  that,  in  addition,  ex¬ 
posure  of  a  small  area  of  skin  h'ads  to  less  severe 
injury  |st  unit  area  than  c\|xi*urc  of  a  large  men  of 
skill.  A  priori  reasoning  lead*  to  the  conclusion  that 
such  must  ls>  the  case,  but  no  tests  have  !s>en  made 
to  determine  the  ranges  of  area  in  which  the  postu¬ 
lated  efft'ct  js  and  I*  not  of  significance. 


An  Interesting  unentiflnnod  obser\‘atlim  was  that 
exposure  of  a  narrow  annulus  of  forearm  skin  to  || 
smoke  or  vapor  at  a  given  dosage  resulted  in  more 
severe  injury  if  a  second  annulus  I  or  2  inches  distud 
on  the  arm  had  also  Is'cn  excised  than  if  It  hud  not.*" 

( ’fsmiixu 

For  the  sake  of  eompletetiess  it  may  Is*  mentioned 
that  in  general  the  effects  of  vesicants  through  cloth¬ 
ing  an*  of  greater  practical  interest  than  their  effects 
on  Imre  skin,  and  that  assessments  of  the  casualty- 
pnsliteing  effectiveness  of  agimts  as  liquids  or  as 
viqsirs  are  ordinarily  made  for  troops  dri'ssi'il  in 
cither  ordinary  Imttle  dress  or  in  protective  clothing 
(see  <  'hnpters  ft  and  II). 

2.1.7.2  Factors  of  Primary  Importance 
in  Determining  Susceptibility 

Xtintenitts  oliscrvation*  demonstrate  tluit  liuntan 
skin  that  Is  hot. and  sweaty  is  much  more  susceptible 
t»»  itijiuy  by  (lie  sulfur  and  nitrogen  mustards  than 
mmimmhlc  anus  of  skin  that  are  relatively  cool  and 

tliyU.XS.am.H.B.p.n.Ml-ll'.lU.W.IS.IM.IM.IM.IU.IO.Ile.OT.Ii'l  III 

fact,  for  pruetieal  purtxtsr*  it  is  considered  that  sensi¬ 
tivity  to  vajsir  of  tns>|is  not  eqnip|ted  with  protec- 
live  clothing  is  determined  principally  by  the  degree 
to  which  tlmir  skin  is  wet.  with  sweat..*  In  all  pmlm- 
bility  skin  moisture  content  underlies  the  cfTi'cts  of 
environmental  tem|x>niture,  envinHunental  humid¬ 
ity,  exorcise  and  nirllow,  tlie  “  radiator  effect and,  in 
lurgi'  |mrt.,  tlie  strikingly  diffen'iit  seiisiti vities  of  the 
various  jmrts  of  tlie  Issly  under  eixil  and  teni|X'mte 
conditions.*  AlthiHtgh  it  is  tme  tlmt  work  cmrclnting 
susceptibility  to  II  va|sir  with  factors  which  in- 
•ineiiee  sweating  and  skin  wtness  has' for  the  most 
jtart  Iss'ii  rather  qualitative,  ixissihilitics  for  a  mon* 
rigorous  evaluation  an*  suggested  by  a  recent  Aus¬ 
tralian  study 141  in  which  account  is  taken  of  recently 
accumulated  quantitative  data  on  the  riilnticoiis 
resismsi's  and  characteristics  of  subjects  under  vari¬ 
ous  ronditions  with  respect  to  meteorology,  elotliiog, 
exercise,  and  ncclitnaliatitiott.,<,|',,<*'m 

ftirtietilnrly  illuminating  ex|N'riments  with  regard 
to  the  effis't  of  Immidity  and  tem|x'mture  on  sweat¬ 
ing  and  js-iimIix  ity  to  il  imve  is'eii  js'rtormisl  in  the 
man-elmmls'r  at  tlie  Fiutcd  States  Xavul  lle-eareli 
Imlsimtory.'1  Sweating,  as  measured  hy  a  clinical 

•  If  arrlimilii:ilii>M  tii  hut  or  pohl  environment*  xhuulil 
prove  to  influence  •cu-itiviiy  lo  vi-urmii*,  |*i*«ili|i'  rorrehi- 
I  i<  si*  wiili  tls’elTi'elsof  nrellttwil  Isuiiutt  »ifi  llie  I'Wciilliig  |iruc<-< 
mill  euitiiHsiii'i  heat  lu«-  in  gi-ocr.-tl  slmtilil  lie  liornc  in  iiiiitil. 


MRKVKNTIOX  Y*|>  MITM;\TIO\  UK  CITYNKOIH  |\Jl  MY 


515 


starch-iodine  test,  wax-  determined  under  the  same 
conditions  an  susceptibility  to  injur)'  by  If  vapor. 
At  70  F  and  <12  |x>r  <x*nt  relative  humidity,  subjects 
ex|*oxe«l  to  If  vapor  at  a  dosage  of  t(Nt  nuc  tnin  in* 
devclojxxl  intent  erythema  of  only  the  axillae  and 
showed  minimal  effix'ts  on  other  parts  of  the  lx  sly 
(proteetive  shorts  were  worn).  ( 'nrrcspondingty, 
sweat  tests  nwealed  active  sweating  only  in  tl»e 
axillae  and  genital  regions.  At  00  F  and  05  per  cent 
relative  humidity,  men  ex|x>s<xl  to  500  mg  min  m* 
showed  intense  generalized  erythema  in  spite  of  tin* 
lower  dosage  and,  correspondingly,  generalized  active 
sweating  could  Is1  demonstrat'd.  Tests  to  remit  the 
effects  of  relative  humidity  were  carried  out  at  K5  F 
inasmuch  as  this  tcm|)cmturr  is  approximately  that, 
alsive  which  resting  men  Ix-gin  to  show  generalised 
active  sweating.  At  50  per  cent  relative  humidity, 
active  sweating  was  con  fund  to  t  he  axillae  and  genital 
n*gions,  while  at  75  per  cent  there  was  moderate 
generaliw'd  sweating.  Correspondingly,  the  injuries 
produced  by  exposure  to 500  mg  min  m’of  II  vapor 
wen*  at  the  low  humidity  similar  to  those  dcscrilxxl 
alsive  for  70  F,  and  at  the  high  humidity  were  similar 
to  those  descrilK*d  for  00  F. 

That  individual  variations  in  sensitivity  may  in 
part  Is1  relat'd  to  skin  moisture  is  revealed  by  the 
finding  that  in  a  man-clmmlx'r  test  a  subject  who 
was  |M>rccptihly  sweating  cxpcriemxxl  more  seven* 
injur>-  than  simultaneously  exposed  subjects  who 
wen*  not  perceptibly  sweating.7*  Also  in  accordance 
with  the  concept  that  skin  moisture  is  important  in 
determining  sensitivity  is  the  observation  that  skin 
resistance  mcusiiicmcnts  are  of  some  value,  probably 
of  more  value  than  skin  tcm|>emton*  measurements, 
in  determining  which  of  •»  gnmp  of  men  will  ex¬ 
hibit  gn*atest  sensitivity  ;t|sm  exjxisure  to  vesi¬ 
cants.54" -7T*  Measurement  of  skin  resistance  should 
help  make  futun*  work  more  quantitative. 

The  following  liudiugs  demonstrate  that  the  in- 
crcusixl  sensitivity  of  hot,  sweating  skin  is  due,  at 
least  in  large  part,  merely  to  the  presence  of  water 
tin  atul  in  the  su|ierficint  layers,  irrespective  of  other 
conqxmcnts  of  sweat ,  active  sweating,  elevated  skin 
tein|x'mtiirr,  or  |x<riphcml  vasodilatation: 

I  In  subjects  who  are  not  perceptibly  sweating, 
the  va|xirx  of  Imth  II  and  IIXI  pnshice  markedly 
mun'  severe  injury  on  areas  of  skin  that  an*  wet  with 
distilled  water  or  artificial  sw-at  than  on  comparable 
an-asttf  skin  not  wet  with  water.5"  "  iw.io.wi 

2.  In  one  ex|H'riment  no  marked  ilifTen'tice  existed 
ls*t  w  celt  the  severity  of  injuries  prixluccd  by  exjxisure 


to  II  va|xir  of  pi)  skin  wel  with  distilled  water  and 
(Id  skin  wet  with  4  |K*r  cent  stxiiutn  chloride.5" 

5.  Applications  of  simulated  sebum  (lanolin  hy¬ 
drated  50  per  rent )  to  both  sweating  and  nonxweuting 
skin  neither  increased  tmr  ileemised  the  injniy  pnt- 
duixxi  by  cx|msurc  to  II  vapor  " 

With  regard  to  the  reason  the  va|sirs  of  II  and 
IIXI  positive  more  severe  injuries  on  wain-wetted 
than  on  dry  skin,  |Missib|e  explanations  have  lxx'*n 
disettsseil 5"  but  do  not  ap|s>ar  to  liave  lxs>u  resolved 
experimentally. 

Other  factors  than  skill  moisture  are  also  un¬ 
doubtedly  of  iiti|N>rtaiiee  as  primary  determinants  of 
susceptibility  to  injury.  The  palm,  for  example,  was 
found  to  Is*  more  resistant  tluui  the  InrIv  surface  as 
a  whole  even  under  conditions  when  active  sweating 
occurred  on  the  pnlnt  but  not  on  the  general  issly 
surface."  It  is  tempting  to  s|>cculutc  that  the  thick 
homy  layer  of  the  pnlmur  skin  conferred  resistance 
whicli  mure  than  counteracted  (he  sensitivity  that 
was  |.>rt‘sumab|y  associated  with  moistuess. 

'flic  iin|x>rtanec  of  skin  tem|S'rature  per  st>  cannot. 
ati(‘t|uatt>ly  Is'  assessed  at  the  present  time  Ixit  it 
tilso  may  play  a  role  of  some  ini|M>rhuiec.  In  tin*  ease 
of  extreme  etxding,  as  in  the  iec-|«ick  e.\|ierinieiits 
di*scrilxxl  in  Seetitm  25.5,  it  is  of  im|xtrtance  if  for  no 
other  reason  tluui  tiecnusc  it  slows  the  rate  of  activa¬ 
tion  of  Ilami  reduces  the  fraction  of  penetrated  II  that 
is  fixed  in  the  skin.  Within  more  mtslenite  and  usual 
ranges  of  tcmtieniturcs,  therr  is  little  effect  of  tem¬ 
perature  on  |)er  cent  of  is'iietrated  II  that  is  fixed 
in  the  skill,  lait  the  |N’iietratioii  rate  of  liquid  II  in 
Ixrtli  man  ami  animals  is  markedly  affected  by  the 
|eni|M'mture  in  the  skin  and  or  at  the  skin  surface, 
(six'  Section  25.5.1 ).  The  extent  to  which  this  tein- 
perattire  dc|icndi>ncc  is  mixliatixl  via  an  effect  on 
skin  moistun*  content  is  not  known.  Other,  more* 
dinx't  effects  (i.c.,  effix-t  on  rate  of  penetration  inde¬ 
pendent  of  skin  moistun*)  may  lx*  of  equal  or  gnxiter 
iiiijxirtiuitx'. 

2.r»  I'RKVF.NTION  AN!)  MITIGATION 
OF  OITANKOIS  I  N  il  K  A 

A  major  incentive  for  ni'tnv  of  tin*  studies  nwiewed 
in  the  pnxxxling  sections  was  the  hop.-  that  they 
would  lend  logically  to  successful  mcth«sl«  for  miti¬ 
gating  fiituuixHis  injuries  due  to  the  sulfur  and  nitro- 
gi-ti  mustanls,  particularly  II.  As  haslxx'ii  spited,  ami 
in  contrast  with  the  oiiteome  of  studies  <m  ar.-etiieals 
(( 'hapters  7  and  51  >,  no  conspicuous  success  has  ixx'ii 
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achieved  e.xei*pt  in  tli<*  development  of  protective 
clothing  tint!  ointments  which  net  hy  preventing 
vesicants  from  reaching  tlie  skin  um!  Iiy  destroying 
li<|iti«l  vesicant  on  tlie  skin  surface.  However,  the 
mis  lmnism  studies  together  with  numerous  nml  ex* 
tensive  invest ignt ions  mi  dixxmtnmmutinn  nml  treat¬ 
ment  of  II  hums  have  ls*en  of  value  in  that  they  have 
exhausted  many  isissihte  avenues  of  approaeh  amt 
have  Hone  nineh  to  iletine  anil  elarify  the  problems 
that  have  not  l*x*n  solved. 

It  is  important  to  distinguish  elearly  lietween  the 
various  ways  in  which  lienefieinl  effeets  might  lie  at- 
tnined  by  pnsxxlures  designed  to  eomliet  vesicant  in¬ 
jury.  ( 'onsideralile  confusion  existed  during  the  early 
part  of  World  War  II.  .More  recently,  seveml  useful 
definitions  have  lieen  evolved SMVU  and  should  Is* 
prt*scntixl  at  the  outset: 

1‘rotrtlitni.  The  Isxicfieial  effects  exerted  hy  chilli- 
ing.  ointment.-:,  and  other  physical  and  oreleanmal 
agents  employed  Infnir  cxjiosun*  to  a  vesicant.  A 
lienefieinl  action  can  Is*  effected  hy  preventing  a 
vesicant  from  reaching  anti  entering  tlie  skin,  m  by 
prophyiaetie  admini  Unit  ion  of  stihstnmx’s  designed 
to  have  tlie  |n>smIiIc  effeet.s  of  agents  used  in  early 
treatment. 

IhruHltwiimiliiiH.  Any  pns-ess  hy  which  vesicant 
already  on  tlie  skin  is  removed  ami  or  inactivated. 
Decontamination  may  Is*  effeetetl  hy  mechanical 
means  (c.g.,  hint  ting  or  wiping),  hy  solvent  or  de¬ 
tergent  action,  or  hy  eliemieal  reaction  t»f  the  vesicant 
with  a  ikxxintxmiitating  agent.  Destmetion  within 
the  skin  of  itrtirintlnl  fns>  vesicant  not  removed  hv 
surface  dccmitumiimtioti  is  eoiisitlensl  early  treat¬ 
ment. 

Trmhnrnl.  Something  other  than  pmt«x*tio,i  or  «!«•- 
contamination:  sum-' 'hing  done  toohtain  alsaiefieial 
action  tiflrr  the  vesicant  has  iieuctrutixi  the  surfuix* 
of  the  skin.  Treatment  may  Is*  lis-al,  as  discussed  in 
this  section,  or  general  (see  Chapter  22).  It  may  Is* 
early  (s|ss*ille)  or  late  (ttous|Ks*jfir,  definitive).  Karin 
treatment  refers  to  the  administration  of  sulistauccs 
to  ohtain  therafieutic  effixN  (|)  by  miction  in  the 
tissues  with  fn*e  vesicant  or  its  iujiirimis  pnsluets, 
(2>  hy  rcmouil  of  fixixl  vesicant  from  tissue  emn- 
|siiieiits,  or  eti  hy  exerting  an  action  on  tissues  which 
enables  them  to  ward  off  or  overcome  the  effects  of  a 
vesicant  or  its  pnslucts.  Thus,  early  treatment  im¬ 
plies  a  pnsxxlun*  aimisl  s|xx*ifically  at  iultiMtiou  of 
the  ai  lion  of  tlie  xesjeant  or  its  pioducf*,  cilia?  by 
altering  them  in  such  a  manner  that  they  cannot  in¬ 
jure  the  cells  or  hy  altering  the  cell*  in  such  a  manner 


that  they  protect  themselves,  /.a/e  tmitmnil  refers 
to  the  use  of  sulisttinccs  and  or  proctslures  to  ohtain 
licncficiul  effects  on  established  lesions  (c.g.,  hy  ac¬ 
celerating  healing). 

2l.it. I  Protection 

Hy  far  the  most  effective  melius!  of  eonilmttiug  tlie 
skin-injurant  effects  of  II  anil  the  nitrogen  mustards 
is  to  prevent  the  vesicant  from  reaching  the  skin. 
Work  to  achieve  this  end  is  reviewed  elsewhere.  In 
brief,  iin|>crvious  clothing  affords  excellent  protection 
even  against  gross  liquid  contamination  hut  im|Mis4*s 
such  seven*  limitations  on  theeflicieney  of  the  wean*r 
that  its  practical  use  is  rcstrietixl  to  s|sx*iul  tasks.** 
Notable  progn*ss  has  Isx-n  made  during  World  War 
II  in  the  development,  evaluation,  and  production  of 
|M*rmenl>l(*  pmtwtive  clotliing.  (Six*  Chapters  5,  ti, 
2tl  30.)  Progress  has  also  been  made  in  the  dcvclo|>- 
ment  of  ointments  which  can  lie  used  f.ir  protective 
purposes  (see  Chapter  25l."M*  Tlie  diliinilties  im¬ 
posed  hy  the  irritancy  of  tlie  mrlier  ointments  have 
in  large  part  Ih*cii  oven*ome.  However,  the  prophy¬ 
lactic  value  of  thin  films  of  ointment  against  liipiid 
II  is  small,  and  against  II  vn|Mir  it  is  limited  hy  the 
tendency  of  the  ointment  to  ls*.*ome  nihltcd  or  wnshtxl 
olf  t  he  skill. 

Only  limih*d  attempts  have  !mx*ii  made  to  achieve 
protection  hy  augmenting  tlie  resistance  of  th<*  skin 
itsell  to  |M*uetmtiun  and  injury  or  hy  prophyiaetie 
mlministmtion  of  motcriuls  designed  to  detoxify  II 
and  other  related  agents  within  the  skill.  At  tin* 
present  time  these  approaches  ap|K**ir  to  hold  little 
promise. 

As  di*serilicd  in  ( diopter  22,  the  systemic  effects  of 
II  and  nitrogen  mustards  entering  tlie  ImmIv  through 
the  skin  run  Is*  alleviated  to  Siam*  extent  by  paren¬ 
teral  administration,  xhurlln  liefon*  contamination, 
of  relatively  tarffr  amounts  of  certain  snlwtanees  with 
high  coni|N*tition  fiwtors  (e.g.,  sodium  thiosulfate, 
hexamethylenetetramine,  or  sodium  momsUlmiie- 
ditliiuphosphunatc;.  However,  this  'ype  of  systemic 
prophylaxis  has  no!  Isxxi  found  to  exert  a  licnrlieiol 
action  on  the  local  skin  lesions  at  the  site  of  applica¬ 
tion  of  tlie  vesicant. It  cannot  Is*  considered  ol 
practical  value  even  us  a  means  of  protecting  against 
-ystemic « lfr<  ts  Is  i  .iu-s  of  the  limited  degree  of  pro- 
ti*efiun  attained,  the  largi*  dies*s  of  protective  agent 
nxpiinxl,  and  tin*  brief  |s*riis|  during  \x liicli  prolix*- 
tion  is  uchievcxi  (six*  Chapter  22). 

A  few  preliminary  e\|N*riments  have  lsx*n  |s*r- 
fornxxl  to  test  till*  |s»s-dhli>  protective  effects  nf 
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tnfnwlomwl  ndmini*lmti<Mi  «*f  various  materials.  In 
otic  Investigation r  sodium  chloride  win*  used  In*, 
ruin**'  of  the  retarding  net  ion  of  chloride  ion  «»n  tin* 
rati*  of  activation  of  II  (see  ( linpter  20),  thiosulfate 
of  its  high  fiM,l«tr  (see  Chapters 

111  anil  20),  mihI  kwh  "spreading  factor"  liecanse 
of  its  presumed  facilitating  uetion  on  tin*  movement 
of  these  sulrstatie***  thrtHigh  tin*  intercellular  spaces. 
In  mhhits,  injection  of  I.H  per  eent  sodium  ehloride, 
citlicr  with  or  withmit  addition  of  spreading  fiwtor, 
shortly  Is’fore  application  of  I  mg  of  II  to  tin*  in- 
jeeted  site  lind  no  effect  on  (lie  severity  of  the  lesion 
thnt  developml.  Inject  i*m  «if  5  per  cent  wslium  thio¬ 
sulfate  without  added  spreading  factor  had  a  slight 
liencficial  effeet.,  and  with  spreading  factor  a  definite 
lienefieiol  effis-t.  Hprmiding  fiwtor  alone  was  not 
tested.  TIh*  favorable  result  obtained  with  thiosulfate 
Kccms  to  confirm  the  obvious  prediction  that  liene- 
fieial  results  eould  Is*  olitainisl  if  one  could  maintain 
in  tli«*  skin  snllielently  high  e*mcent  rat  ions  of  an 
iunoeiions  sulistiUKs*  which  competes  for  or  other- 
wise  ilestroys  or  detoxifies  II  nr  tin*  nitrogen 
mustards. 

S3.H.S  Decontamination 

Wlten  a  liquid  sulfur  nr  nitrogen  mustard  is  placed 
on  the  skin,  penetration  and  the  initial  apparently 
irreversible  injury-producing  stejw  imrur  rapidly  (see 
Section  25.5).  In  the  ease  of  II,  severe  lorn!  injury  can 
lie  avoided  only  if  the  liquid  is  effectively  removed  or 
destroyed  within  at  most  a  few  minutes.  Inasmuch 
as  |M>netration  rate*  is  augment^l  by  increase  of 
environmental  and  or  skin  temiieruturo  (s«e  Section 
23.5.1),  the  time  factor  is  more  critical  at  high  tluin 
at  low  or  nwsl«*rat**  temperatures.  Tin*  imjiortaiMv  of 
th«*se  tim**  anti  tem|s*ratur  'taet«*rs  is  r»*v<*aksl  bv  tlie 
data  pn*scntcd  in  Sections  2)1.5. 1  mid  25.5.2  and  is 
turtlwr  illustrated,  f«»r  a|r))liention:-  of  small  «loses  of 
II,  by  the  data  <»f  Tab?«*s  I!)  anil  20.  Studies  with 
animals  liave  also  I  sen  made.**' 

Although  small  ibises  of  liquid  II  disapjwnr  from 
the  skin  surface  within  a  matter  of  minutes,  huge 
sp|uslH*s  may  not  completely  disupiieer  by  evapunt- 
tion  anil  penetration  in  k*ss  than  several  hours  (s**e 
S**ction  23.5.1 1.  Deluded  decontamination  can  lie  ex- 
|MH'te«l  to  lie  of  vnlitf  so  long  as  liquid  is  present.  It 
cannot  pn*v«*nt  a  very  severe  local  k*si«in,  Iwit  it  may 
nxluee  tin*  si«e  and  ilepth  of  injury  end  it  can  elimi¬ 
nate  the  (tossihiliiy  of  further  spread  of  vapor  ami 
liqui'i  to  otlwr  parts  of  the  Isnly. 

ttf  th'*  jiossibh*  tn<>th<sls  of  elTi'cting  d*s*ontaciina- 


Timi.k  111.  TIh*  time  hiolur  in  dissmtamin.Umu  of  litpiitl  II.-1 
Tlie  II  was  tqiplieit  l»y  No.  5  KdKCttooit  rml  (t.e.,  ra. 

32  tliwe)  lo  die  forearm*  of  humim  subject"'  TIh* 
sties  wen*  defuntninttmted  after  tin*  stiiteil  iiilerviik  by 
iqttilieatiiHt  of  >i  rltlnntmkle>eimtnlitiitg  ointment.  T  - 
Wl  K. 

Note  dmt  ikssintiiminnlion  ;it  5  minutes  wa«  of  marked 
vnliH*  but,  with  tbe  smiitl  dust*  of  It  employed,  ik*mm- 
tiiinituitliHt  hi  a  mi<l It  minutes  was  ineffective  in  spite  of 
Its*  relatively  low  eiivininmental  teni|K>ralitn>. 
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Tvm.r.  20.  i;ffis*t  of  ti>m|a*niliire  on  tin*  effis’ti vein's-  of 
di'eiuitHmination  of  llipilil  II  10  minutes  after  Its  ap)iliea* 
Ibsi.n 

t'-VsK  tlo-es  of  liquid  II  wen*  tqqilkst  lo  |Im>  forearms  of 
human  subjects.  Tint  minutes  later  ilerotitamiimlion  was 
rimed  mu  with  a  riiluramiitiMsitit'iiniiiR  itiiil iim-iiI. 
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tiim,  nuvhaniral  removal  (e.g.,  by  blotting  or  wiping) 
is  to  lie  nsnnimen<le*l  for  tlie  removal  of  tlie  bulk  of 
large  splaslws  „f  vi*s'waiit.  It  is  not,  however,  so  ef¬ 
fective  ns  other  imutis  of  removing  all  the  vesicant 
that  is  *hi  or  in  tin*  stqierfieial  layers  of  tin*  skin  **■*' 
(see  also  Talik*  21  and  Section  25.5.1 ). 

For  thortsigh  surface  decontamination  of  all  liquid 
vesicant,  use  of  solvents  in  large  amounts  and  use  of 
a  sulmtnure  which  reacts  chemically  with  tin*  vesicant 
to  detoxify  it  an*  highly,  and  appntximately  equally, 
effective.1*1*  11  For  experimental  pur|N>scs  it  is  often 
convenient  to  use  a  solvent  (e.g.,  )k  troleum  ether  or 
pentane  for  II  dpeunfatnitiitlhati.  Tlie  solvent  mist 
la*  used  freely  and  with  care,  however,  if  tin*  vesicant, 
is  not  merely  to  la*  spread  on  I  lie  skin  and  tlie  lesion 
consequently  enlarged.  For  usi*  in  lli<*  field,  elwmical 
dmmtnmiiiatiob  has  sevend  advantage's 11  and  is 
the  met  Ipsl  which  has  Iss-n  adopted  for  standard  use. 
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Table  21.  Omijsirisnn  of  rlw-miml  rind  mcdirinical 
ilcccntrinmintion  .if  liquid  (I.21 

(Wm  du*n»  of  liquid  It  wen*  npplit-dlo  I  Ik-  fon-nrmsot 
liumnn  subjects,  Chcmleid  drctwiiiimlnntiun  wits  effected 
l»y  use  of  it  chlomniiih-conliilicnR  oinlm-nt,  mechanical 
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XntnrnHis  suiistoiicc*  of  various  fyprs  have  lax-n 
tcsflxi  *•»  II.St».SI.tt.*t.4»».«H.».t.*.n.«.««.«I.Tt».»7.»».tl*l..r.lJ« 

rltcmieal  dccontaminants  for  II.  They  have  included 
various  oxidixing  agents  and  stiltstnn«x*x  that,  in 
nijiHiHiN  solutions  have  high  comjtetition  factors  (see 
< 'liapter*  10  anil  211)  for  II.  Home  of  them  am  as  ef¬ 
fective  ns  the  ehloRimiilcs  dcserified  in  ( 'liapter  21. 
However,  none  I  ms  lieen  fount!  that  is  stiperior  to 
tliese  compound*  or  more  convenient  to  use. 

The  nitrogen  mustards  are  not  mulilv  oxidised  by 
tlie  chloramides  that  are  currently  in  most  common 
use  as  decontaminants  for  II.  However,  otlier 
chloramiilcs  which  do  effect ivclv  decontaminate  the 
nitrogen  mustards  by  chemical  reaction  have  liecome 
available  (see  Chapters  (I  and  21).  Oxidising  agents 
such  its  potassium  permanganate  are  also  effective. 
For  exjieri mental  putisisesit  is  sometimes  convenient 
to  apply  dilute  acids.  Tlie  *  'ml ivclv  insoluble  amines 
arc  then  eonvertixl  to  their  j-orn-*|ton.Iing  hydn»* 
ehluri«les,  which  are  highlv  soluble  and  can  txmvon- 
iently  la*  waslieil  away. 

In  tin*  testing  of  chemical  ileeontaminants  it  is 
int|M»rtant  to  use  large  amounts  of  vesicant.*1  Small 
amounts  may  Is*  so  effectively  dilutisl  by  tlie  solvt-nt 
or  vehicle  in  which  even  an  ineffective  decontaminant 
is  anplieil  that  no  injury  develops.  When  the  same 
ineffective  decontaminatil  is  testeil  against  a  large 
dose  of  vesjeant,  the  latter  is  merely  spread  ami  a 
seven*,  witlespread  It-sion  develops.  This  circumstance 
explains  the  finding  that  small  doses  of  IIX3  could 
effectively  Is*  decontaminated  by  M-5  ointment,  tin* 
chloramidcof  which  d<N<s  not  ntidiSy  destroy  IIX3;r3,‘ 


the  ointment  Imsc  alone  v..>  as  effective  as  the  oint- 
inent  containing  tlie  eliioramide. 

In  the  ease  ot  exposures  to  vapor  then*  is  so  little 
free  vesicant  on  or  in  the  superficial  layers  of  the  skin 
and  accessible  to  “surface'*  dccuiitaminnitts  that 
dccontaminutiun  can  la*  of  little  value  from  the 
practical  standpoint  (six*  Section  23.3.2). •"•««.»«*  ,\ 
ixxxxitly  obtained  si*t.  of  data  relating  to  this  |Miint 
is  presented  in  Table  22.  Tlie  data  do  not.  *ulli«x*  to 

Table  22.  Attempted  dcxxmtaminntluit  of  II  vaisrr 

Isinis.'* 

Vapor  cujik  were  aptdied  for  fl  mitiulrs  ami  dccisilanii- 
nalion  effected  by  a|>pliciitinn  of  a  clilnramid<M-i  attaining 
ointment, 
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IY..  rented  nsitml  13/13  !l  3/13  ti 


differentiate  la*tween  the  possibilities  that  dccon- 
taminatiiai  was  of  no  value  or  of  slight,  value.  Kx- 
|a*rimi*nts  indicating  that  surface  decontamination 
can  la*  of  sliglit  value  an*  presentixl  in  Six- 1 ion  23.3.2. 

23.3.3  Karlv  Treatment 

Xo  agent  or  pmctxltirc  of  significant  value  in  the 
early  treatment  of  II  or  nitrogen  mustanl  bums  of 
human  skin  lias  vet  lieen  disco  vcttxl  in  spite  of  ex¬ 
tensive  resenrcltes.7-*-" •**•»*»•*%  •*.«■  «.ow..t.r  p  w-j||  In* 
apparent  that  t'te  value  of  ;.  procedure  for  rally 
t  tent  men  t  can  In*  pro|terly  assesscxl  only  when  the 
possibility  isobviatcxl  that  it  merely  effects  sttrfnix* 
decontamination.  Titus,  in  east*  of  liiptid  bums, 
surfaix*  decontamination  must  first  lie  performeil  or 
the  treatment  delayed  until  r.ll  tiie  applied  agent  has 
either  ev»|ionit<xl  or  |X‘net rated  the  skin.  It  would 
seem  that  vapor  Imiiiin  might  more  conveniently  Is; 
used  in  the  evaluation  of  early  treatments.  > 

TJk*  amiHin!  of  fnx*  II  that  is  not  removtxl  front 
human  skin  by  surfaix-  decontamination  is  so  small 
and  its  persistence  time  so  short  that  ''-.itmenls 
Itastxl  on  its  destruction  in  the  skill  cannot,  lie  ex¬ 
pected  to  Ik*  of  significant  value  (six*  Section  23.3.2). 
hor  instance,  2  minutes  after  surface  decontamina¬ 
tion  of  human  skin  contaminated  with  liiptid  II  f  hero 
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is  in  tin*  skin  only  in  the  order  of  1  gg  of  free  H  pe*r 
square  centimeter.  If  12  }>er  cent  of  this  (i.e.,  0.12 
gg  cm1)  were  to  liocomo  fixed,'*  it  would  eorrespimd 
to  only  I  in'  threshold  value  for  mildest  injury,  or  to 
the  amount  fixed  pe*r  minute  of  cxfiosurr  to  liquid  II 
at-  an  environmental  temperature  of  ca.  75  F.B  In  pin 
and  mldrit  skin  tlie  rcsrrvoir  of  free  II  is  larger  and 
it  jicrsists  longer  (see  Section  23.5.2).  Tims  in  these 
sjiccics  (•arty  treatmen?  Imscd  on  its  removal  or  in* 
activation  might  Ire  of  greater  value.  This  difference 
lictwccn  human  ami  animat  skin  must  Ire  Istme  in 
mind  when  treatment  procedures  are  tested  in 
animats. 

It  is  not  known  to  what  extent  “surface”  dccon- 
taminntion  removes  liquid  vesicant  that  has  pene¬ 
trated  into  tire  superficial  layers  of  tlie  skin.  Some 
studies  suggest  that  diffusion  in  ami  rsit  of  tlie  mor» 
superficial  (dead)  layers  is  relatively  free  hut  that  a 
Imrricr  to  the  passage  of  solutes  exists  at  the  transi¬ 
tional  layers  liptwcro  ramified  and  noneomified 
epithelium."*  llistorlicmirat  evidence  has  lieen  ad¬ 
duced  that  tlie  chloramides  ot  antigas  ointments 
penetrate  into  tlie  skin  Isit  no  deteetalile  amemnts  of 
avnilahle  (“fire")  chlorine  could  lie  tiHind  in  skin 
inuncted  with  these  ointments."H'  It  has  lieen  demon¬ 
strated  that  vara  sis  aultstanees  penetrate  the  skin 
mom  effectively  from  mixtures  of  ethylenegtyeot- 
motiorthylcther  (< ‘ellosolve)  with  diethyl  etlier  than 
from  aquemiH  solutions.**  Thus  the  use  of  carriers  to 
promote  the  penetration  of  therapeutic  agents  might 
prove  to  Is*  of  vnlue. 

Tliere  is  no  evidence  that  any  of  tin*  many  tested 
procedures  of  treatment  effectively  remove  fixed  1! 
from  tissue  components  in  living  skin  in  tlie  manner 
that  HAL  removes  triedlcnt  arsenic.  The  one  ap¬ 
parent  exception  to  this  statement  was  discussed  in 
Section  25.3.3.  Tlie  hulk  of  tlie  chemical  evidence 
(see  Chapters  HI  and  21)  gives  little  hope  Hud  re¬ 
moval  can  In'  effected  by  procedures  which  in  them¬ 
selves  wiMild  not  lie  highly  injurants,  although  some 
leads  which  may  merit  further  investigation  have 
liecome  available.  It  has  often  lieen  assumed 

on  tlie  hasis  of  analogy  with  the  effects  of  BAL  in 
nrsenien!  isrisouing  that  tlie  problem  of  eomlntting 
II  injuries  would  in  large  part  In’  solved  if  one  could 
discover  a  procedure  which  removes  fixed  II  from  tlie 
skin  and  which  is  not  in  itself  injurious.  This  wisihl  not 
necessarily  lie  tlie  case.  Unlike  tlie  arsenicals,  If  re¬ 
acts  not  only  with  sulfhydiyl  grou|is  Isit  also  with 
variiMis  otlier  side*-chuin  gnMips  in  tissues  (six*  (’hap¬ 
ten*  It)  and  21 ).  <  hie  cannot  lie  assumi  in  advance 


that  the  skin  proteins  would  lie  regenerated  in  native 
form  mum  removal  of  the  fixed  II,  or  that  the  cell 
machinery  would  not  lie  |>crmnnently  disrupted  as 
a  consequence  of  even  brief  combination  of  some  of 
these  gr«Hi|is  with  the  vesicant. 

Nor  do  then*  appear  to  Is*  favorable  clues  suggest¬ 
ing  a  method  of  treatment  Imscd  on  exerting  an 
acthm  on  tissues  which  would  enable  them  to  wanl 
off  or  overcome  the  effects  of  ||  or  its  priMlucts. 

A  report  "*•*  tluit  vesication  may  la*  prevented  by 
prompt  and  pmlongrd  applications  of  BAL  to  skiu 
tluit  lias  lieen  iMtmed  with  If  led  to  some  hope  that  a 
useful  pnsvdurc  for  treating  If  injuries  had  ls*en 
fiMtnd.  AlthiHigh  tla*  finding  Ims  ls*en  amply  Von- 
firmed,**  0*-'  it.  is  not  lietieved  to  offer  a  procedure 
of  pnu*ticni  value.**  Vesication  is  prevented  not  lie- 
cause  Injury  is  reversed  or  lessened  Imt  Itexuuso  I  he 
cluiractcr  of  the  pathological  response*  is  nltered.  Al- 
t hough  BAL  appears  to  reverse  tlie  inhibition  of 
amu-roliic  glycolysis  pnMluced  by  applicatiim  of  II  to 
skin,**'  tlie  acthm  of  BAL  on  vesication  is  not  s|iecific 
for  If.  ft  also  inhibits  tlie  formation  of  blisters  due  to 
cold,**  althimgh  not  tlie  more  rapidly  forming  ernes 
due  to  heat,  or  tincture  of  can’liarides.**-0" 

Caustics  (o.g.,  trichloroacetic  acid)  can  also  Is* 
used  to  prevent  vesication  due  to  If,  IIN2,  HNS,  or  I* 
Tliey,  tun,  net  not  by  alleviating  injury  imt  by  adding 
insult  to  injury  and  thereby  altering  the  gross  mani¬ 
festations  of  injury. **■•** 

The  circulation  in  H  lesions  is  active  for  many 
hemrs  after  erythema  has  appeared  and  tlie  capillniy 
walls  are  ulmormully  prrme*ahlc,  permitting  even 
large  molecule's  to  nrcumiilnte  in  tlie  tissue  spat'cs  of 
♦Ik*  skin.  C*-emsee|uently,  if  a  sulistanrc  of  value  in 
curly  or  late  treatment  could  Is*  discovered,  the  con¬ 
ditions  for  its  administration  via  the  blesid  stream  * 
would  appear  to  Is*  favorable.** 

51.1.1  Late  Treatment 

Tlie  treatment  of  definitive  (rsLihlishcd)  vesicant 
injuries  fulls  eHitsiele  tlie  sceqie  of  this  chapte*r.  Ill 
brief,  it  seems  to  presemt  no  fundameiilnl  features  not 
enexmntcnxl  in  other  kinds  of  bums.  Home  treat¬ 
ments  an*  more  favorable  than  eithers  but  no  means 
of  marknltjf  accelerating  the  healing  rale*  have*  Is-en 
(Iisro\Tml,**-0*’,-0-*-’,-,-*',-**-**,*»-,".*i.i"i.!w.iji.i»r|»xccpt 

that,  ns  in  tlie*rmnl  burns,0-01 . . .  promotion 

of  slesigh  removal  by  prolonged  applications  of  we*ak 
acids  (i.e.,  pyruvic  :uhl)  in  starch  |mste  or  other 
vehicle*0' .».*.* .«jr .•.«.*-  ■*-.;(.«?.:«  „pjW1|W  to  Is*  of 
some  value. 
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s.i.u.r*  Method*  of  Kvaluating  Procedural* 
for  Protection.  Decontamination, 
unit  Treatment 

Experience  that  Im*  imm  gained  dining  World 
War  II  lain  liecn  snmmariaed  in  detail  in  a  report Sl 
that  xliould  lie  conxitlted  in  the  original  if  further 


atudie*  on  tlie  decontamination  anti  tcmtinent  of 
akin  exposed  to  auifur  or  nitrogen  nmatard*  ahniild 
Im<  eonteniplateil.  The  method*  that  have  licen  do. 
veloped  for  evaluating  ointment*  de*igncd  for  pro- 
teetion  and  decontamination  have  at*o  lieeti  nuthnri* 
tatively  reviewed.4*-4* 


PART  IV 


PROTECTION  AGAINST  CHEMICAL  WARFARE  AGENTS 


Secret 


(Chapter  24 

CHLOR  AMIDES  FOR  PROTECTION  AGAINST  VESICANTS 

By  Homer  Aitkin*  and  Wilkin*  Herrr 
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21.1  INTRODUCTION 

Compound*  cahhvinc  a  positive  rlilorinr  atom  on 
nitrogen  have  proved  to  Ik*  tlw*  wont  effective 
agents  for  detoxifying  the  vapors  of  If  £b/W0*dilnro- 
ethyl)  sulfide]  impinging  on  skin  or  fal»ries.*-,s  u  A 
great  nwiny  repn*scntativcs  of  this  type  haw  liccn 
prepared  in  searching  for  tlie  most  satisfnetory  eom- 
praind  to  meet  a  variety  of  requirements.’-'1-1*-1*-*'1 

First,  the  low  etmeentmtion  of  the  ehloramide  on 
the  skin  or  in  clothing  must  reaet  very  rapidly  on 
eontaet  with  II  vapor  at  very  low  roneentrationsof  a 
few  miemgrama  per  liter.'-117  Second,  the  comptsind 
ami  its  hydrolysis  and  reaction  pnhlucts  must  lie  of 
such  physical  ami  cltcmiral  characteristics  as  will 
permit  it  to  retain  its  capacity  for  reacting  with  II 
for  long  periods  of  time  after  it  has  tiecn  impreg¬ 
nated  into  clothing.  Third,  tlie  rnmpounri  must  Is? 
stable  in  storage,  and  also  when  impregnated  in 
fabrics  or  incorporated  in  on  ointment.  Fourth,  a 
ehloramide  for  use  on  clothing  should  not  ls»  reactive 
toward  falwicsof  cotton,  wool,  or  synthetic  filter,  and 
so  reduce  their  tensile  strength  timler  the  varitsis 
conditions  of  temperature,  humidity,  perspiration, 
dirt,  ami  laumk'ring  to  which  falsies  are  normally 
subjected.  Fifth,  the  compound  should  lie  as  little 
irritating  as  )sisaihk*  to  human  skin,  since  it  may  Is? 
worn  for  tlays  in  the  ease  of  an  ointment,  ami  for 
weeks  ami  months  ?«•  the  rase  of  impregnate?! 
clothing. 

In  addition  to  these  varkais  reiiuirements  with  re¬ 
spect  to  use,  m>  compound  can  Is*  considered  unless 
it  can  Is*  pnslnccd  from  available  materials  by  a 
practical  and  eeomimic  procow  suitaldc  for  large- 
scale  operatssi.  Kven  for  use  in  an  ointment,  it  was 
considered  mvessnry  to  make  provision  for  the  pro* 
duetksi  of  millions  of  poumlsof  materhd.  For  ivnaons 
of  economy  in  pradurtcai  ami  transport,  it  is  riorir- 
aW**  flint  the  concentration  of  the  effective  part  of 
tlie  comptaind,  i.e.,  flit*  positive  chlorim*,  constitute 
as  large  a  portion  ns  isissibk*  of  t is*  total  weight  of 
tlie  rompound. 

No  known  comptmnd  cisn|ik*tely  ami  satisfactorily 
meets  all  of  tlie  requirements  enumerated  ntsivr. 
However,  ( *< ’-2  for  clothing  and  8-330  for  protective 


ointments  appear  at  this  time  to  Is*,  by  all  «slds,  the 
ls*st  and  most  ueeful  rom|smnds  for  protection 
against  II.  CC-2  lias  the  disadvantage  that  only 
1 4.5  per  cent  of  the  total  weigh-  of  the  pure  com- 
praind  is  effective  for  the  detoxification  of  II.  The 
prorcae  for  pnslttring  it  Is  relatively  exjwnsive,  and 
the  requirements  in  material  ami  equipment  am 
rattier  heavy.  Neverthck-ss,  its  high  ami  sustained 
activity  against  II,  its  relative  nonirritancy,  and  its 
relative  inactivity  against  fabrics  make.it  tlie  most 
satisfactory  known  impregnite  for  clothing.”-* 

8-330  carries  more  than  twice  as  much  active 
chlorine  per  unit  weight  as  does  CO-2,  and  it  is  ol>- 
tninahk*  by  a  somewhat  simpler  and  more  economic 
pns-oss  from  the  standpoint  of  Isitli  materials  and 
equipment.11-*  It  is  less  irritating  to  human  skin  Hunt 
is  and,  without  the  addition  of  stabilisers,  it 

produces  less  tendering  of  a  fabric  than  does  C1V2.*1 
However,  8-330  apparently  does  not  retain  its  activ¬ 
ity  toward  II  when  impregnated  on  a  fabric,  so  that 
it  is  unsatisfactory  for  use  in  protective  clothing.’1 

<1-2  ami  8*330  react  more  sluggishly  with  the 
nitrogen  mustards  than  with  II,  with  the  result  that 
their  usefulness  in  protecting  against-  these  agents  is 
limited.  Certain  compounds  an*  kmnvn  and  are  re¬ 
ferred  to  lieknv,  which  an*  effective  against  the  nitm- 
gro  mustards,  as  well  ns  against-  II.  However,  these 
more  reactive  rom|Msinds  are  much  more  irritating 
to  tlie  human  skin  than  an*  CC-2  or  8-330,  and  so 
cannot  long  Is*  tolerated  in  an  ointment  or  in 
clothing. 

Perl  taps  little  need  Is*  added  to  tliese  statements 
reganling  tlie  merits  of  CC-2,  8-330,  and  the  otlier 
known  ehloramide*.  However,  the  following  sections 
sommariar  the  dunging  ronditkm*  and  new  discov¬ 
eries  which  have,  during  tlw*  perhsl  of  the  recent  war, 
Sinsight  alsv.il  changes  in  tlie  requirements  and  avail¬ 
ability  of  chkiramkles. 

21.2  DKVKMM’MKNT  ANI)  COMI*\.  .ON 
OF  CIILORAMIDKS 

Tin*  sit uat ion  in  1011  and  in  1012  was  critical  with 
respect  to  availability  of  impregniti>s  for  protective 
clothing.  The  British  had  determined  to  use  Imprcg- 
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nite  K,”  but  this  compound  was not  considered  satis-  The  representatives  of  CWS,  in  th«>  *‘ttmm«*r  t»f  1912, 

factor)*  by  flic  United  States  Chemical  Warfare  were  much  more  favorably  inclined  towards  S-32N 

Service  [CWH]  representatives.  All  later  work  has  than  towards  8-491,  I  **cnuse  tin*  former  in  somewhat 

shown  that  fmpregnito  K  in  inferior  in  ever)*  way  to  soluble  in  tetmehlomethane  and  so  could  Is*  used  in 

(V^,5"51  which  was  discovered  and  developed  at  the  CWS  solvent  process  for  impregnation  of  fabrics. 

Kdgcwixxi  Arsenal.  However,  the  situation  in  regard  S-.12H  reqnin**  toluene  as  a  starting  material,  which 

to  the  production  of  adequate  quantities  of  ( ’( ’-2  was  is  converted  successively  to  Ixmsuldctiydc,  lienxoin, 

quite  unsatisfactory  until  1913*  (  'C-2  was  produced  lx*msil,  diphenylglyeoluril,  and  then  chlorinated  to 

in  a  small  plant  in  Kdgcwissl  Arsenal  by  a  process  8-328.  Thus.  S-328  suffers  one  of  the  disadvantages 

which  gave  a  pnsluet.  of  variable  quality.  In  fact,  of  (’(*-2,  i.e.,  it.  de|s*nds  u|miii  the  availability  of  an 

when  the  material  manufactured  by  the  dipltenylumi  aromatic  hydns*arixm.  However,  lx*cau*c  of  the  in- 

;  (I)IH’)  pnx**s*  at  tvdgrwisxl  was  sold  to  tlie  Xavy,  ten*st  of  n'presentatives  of  ( ’WS,  and  in  order  to 

it  was  tin*  cause  of  excessive  deterioration  of  fabrics,  provide  insurance  against,  possible  failure  in  the  de- 

nnd  gave  it  in  1912  an  undeservedly  ImuI  reputation,  velopment  of  8-491,  the  process  for  priMlucing  S-328 

?  especially  with  the  representatives  of  tlie  Xavy.  was  worked  out  on  a  pilot-plant,  scale.'* 51 

|  Tlie  newer  trichloroaniline  (T('A)  possess  for  mak-  On  the  liasis  of  work  at  the  Xaval  Research  Isil>- 

|  ing  ( '< ’-2 10  had  not  ls*en  adequately  developed  in  tlie  oratory*,  8-491  was  iielievcd  to  la*  non-irritating  and 

f  laboratory  ls*forc  it  was  necessary  to  put  it  into  pro-  quite  reactive  with  If.**  It.  is  more  stable  towards 

t  duction  on  a  large  scale.  When  tire  (’WS  plants  were  hydrolysis  and  thermal  dm>m|xisit4on  than  is  (’0-2 

|  put  into  operatitm.  the  pnsluction  of  the  material  or  any  other  com|Miund  reactive  with  II.1  However, 

|  "«w  fur  la-low  Hh*  requirement*  and  the  rated  ea-  oner*  thermal  deeom|xisitiori  is  under  way,  it  is  self. 

(incitics  of  the  four  plants.  Attempts  to  increase  pro-  pni|Nigating.  One  ihhiihI  of  H-llil  contains  as  much 

;c  duction  natumlly  n*su!te«l  in  a  decrease  in  quality  of  |sisitive  chlorine  as  3  pounds  of  ( '( -2. 

material,  so  that  some  of  the  ('(’-2  produred  by  tla*  8-401  run  Is*  pnsluceil  in  almost  «|irantitative yield 
|  TCA  process  in  1912  was  no  lietter  than  that  pm*  from  diaietyl,  which  was  an  attractive  intermeijiate. 

|  <iu«*ed  by  tlie  older  DPU  pmeess.  Tire  representatives  of  the  Xaval  Researr  h  La'sira- 

The  prtMTss  for  prrslucing  (’(’-2  is  singularly  un-  tiny  hail,  during  the  early  part  of  1912,  stimulated  a 
attractive  lieeaitsr  of  the  materials  required,  ami  Is*-  great  deal  of  interest  in  various  eom|HUiies  in  the 
cause  of  tla*  corrosive  character  of  tin*  variisis  re-  pre|mmtion  of  diaeetyl.  Therefore,  8-4(11  was  pre- 
action  mixtures  and  by-products*  Only  one-eight  li  |mml  from  diaeetyl,*4  so  that  a  pilot  plant  process 
of  tlie  chlorine  used  in  the  miumfacture  -  even  if  the  would  Is*  available  if,  as  seemed  from  time  to  time 
yields  were  100  per  cent  -  would  <s*cur  in  tin*  pnsl-  possible,  diaeetyl  could  Is*  pnxluccd  by  fermenta- 
uct  in  a  form  which  is  active  against  II.  A  very  large  tion.  Unfortunately,  diaeetyl  luix  never  liecomc  avail- 
amount  of  acetic  acid  is  required  ns  a  solvent,  and,  able  through  fermentation,  althis,gh  it  no  doubt 
during  1912,  alssit  4  pounds  were  lost  per  pound  of  eisild  Is*  produced  by  fermentation  of  sugar  to  2,3- 
('<’-2  produced.  (Jrejw  difficulty  was  encountered  Isitylene  glycol,  followed  by  oxidatiisi. 

Iiecnuse  of  the  corrosion  caused  by  mixtures  of  hydro-  Sines*  then*  was,  in  the  opinion  of  the  representa- 
gen  chloride  and  airtic  acid,  so  that  the  constniction  lives  of  tls*  Xationul  Defense  Rescarrh  Committee 

nmi  maintenance  costs  in  t Is*  plants  were  excessive.  [XI)R( little  likclihissl  that  diaeetyl  wisild  ls*- 

Moreover,  the*  amount,  of  acetic  acid  mvessary  for  come  available,  it  ap|N*an*il  necessary  to  obtain 

the  production  of  tlie  r*<iuired  (’(’-2  was  apparently  8-491  from  some  other  material.  Stmlies  wen*  under¬ 
in  execs*  of  that  available  in  this  oxmtrv.  Benxonc  is  taken  in  Deeemls*r  1941  to  ««evclop  a  process  for  pre- 

a  necessary  starting  materiel  for  (’(’-2,  and  this  was  |siring  S-491  liose  by  tlie  nitnisation  of  methyl  ethyl 

also  in  short  supply  in  this  country  in  1912.  For  tliese  ketone  followisl  by  reaction  with  urea.  This  dcvclo|i- 

varhsis  reasmis,  it  swmed  ineumlsmt  upon  n*pre-  merit  led  to  a  satisfactory  process  for  producing 

s«*ntativif:  of  M)R(  ’  to  attempt  (<i  develop  i-'tinomi*  8-491, *-4-'"-,M*  which  was  used  on  a  manufacturing 

eal  process***  for  producing  a  fabric  impregnite  not.  scale.  Still  later,  a  more  economical  process  was 

possessing  tlmse  disadvantage*  of  prrsluetion.  worked  rsit  in  wfiich  methyl  ethyl  ketone  is  oxidised 

The  surveys  made  in  the  Xaval  R«*seareli  l.nlsira-  with  air  over  a  catalyst  to  give  a  dilute  solution  of 

ton*  **  and  elsewhere  *  had  uncovt.cd  nothing  so  at-  diaeetyl,  from  which  8-401  Irose  is  prepared  by  re¬ 
tractive  as  S-ltil  or  8-328  ns  possible  impregnites.  action  with  urea."  This  process  makes  8-flil  pofen- 


SKCRKT 


miVKMM'MKNT  AM)  COMPARISON  OP  CIIM)RAMII)KS 


m 


tinlly  available  at  h  post  of  nlsstt  onc-tctitli  that  of 
<’('•2,  tin*  comparison  Imook  mn«lo  on  the  Isisis  of 
pqiii\*nlpfit  amount*  of  pIiIoHiip  active  against  If. 
The  chlorination  of  8-401  liasc  to  S- Oil  is  carried  out 
in  a  slightly  alkaline  medium,  mi  that  tliere  is  no 
difficulty  with  corrosion. 

The  chief  disadvantage  of  S-4IU  ns  an  impn*gnitc. 
ns  the  matter  was  understood  in  1912,  was  its  ten¬ 
dency  to  lower  tlie  tensile  strength  of  fabrics  which 
were  impregnated  with  it  and  then  stored  under 
simulated  tmpieal  conditions.  It  tvns  felt  that  the 
original  objection,  that  S— ll»l  could  no!  lie  used  in 
the  solvent  process  liecnuse  of  its  insolubility,  had 
disappeared  with  the  development  of  tlie  aqueous 
pris-ess  for  impregnation  (see  ( ‘Itapter  2d),  and,  in 
fact,  8-401  as  prcslucetl  commercially  was  mon* 
simply  utilised  in  tlm  aqueous  pniecss  than  was 
C'('-2.4  Hulisequcnt  work  shmvisl  that  fabrics  im¬ 
pregnated  with  8-401  ami  a  suitable  stabiliser  were 
not  greatly  inferior  in  stonige  stability  to  those  im¬ 
pregnate!  with  ('('-2  and  tlie  preferred  stabilisers. 
All  the  tests  then  aA'ailnble  indicated  that  8-101  and 
(•(’-2  were  approximately  equivalent  with  respect  to 
efTectiwncft*  against  If,  except  that  S-  IUI  hail  tlie 
advantage  that,  liecause  of  its  higher  content  of 
active  chlorine  per  unit  weight,  fabries  could  lie  im- 
pregnutod  to  a  much  higher  level  of  ncti\*e  chlorine 
tier  unit  area,  thus  providing  a  greater  capacity  for 
iletoxifying  II.'  * 4  Tliis  was  ronxi<lcn*d  to  la*  particu¬ 
larly  important  in  connection  with  protection  against 
liquid  II  spray. 

8-328  proves  I  to  lie  quite  unsatisfactory  as  an  im- 
pregnite;  although  tlie  agent  was  active  against  II 
in  freshly  iinpregnatisl  fabries,  its  mirtivity  in  some 
instanisM  des-nsiscil  gm»A!y  on  storage;  *  thus,  fnlw 
rie*  which  shmvisl  a  tairly  high  concentration  of 
chlorine  per  unit  area  offerisl  very  j**ir  protection 
against  II  as  judged  by  lalsirutory  tests.  S-IUI  also 
had  a  disadvantage  in  that  a  ratlier  vigorous  tltcrmal 
decomposition  occurred  in  the  solid  material  if  it  was 
oner  initiated  by  sparks  or  a  temperature  id  tin*  onler 
of  200(7*-”  hater  work  in  1013  showed  that  fabrics 
impregnated  with  S-IUI  were  significantly  more  irri¬ 
tating  tlinn  thosi>  impregnated  with  a  gtssl  gtat|p 
of  <*(  -2  ” 

Twootlier compounds,  S-2tU anei  8-  >30,  were  giA’en 
serious  eonsiileration  as  impregui  s  for  proteetimi 
against  II.17  Both  the  Army  anel  the  Xavy  procured 
in  large  quant  it  i***  a  dmmtnminant  (RII-105),  re¬ 
active  with  II,  Avhieh  cannot  Is*  used  as  an  impreg- 
nite.  However,  the  closely  related  compound,  S>2I0, 


made  fmm  tlie  stum*  materials  useel  ill  making 
Hll-105  with  the  aiiditiem  of  formnlelchydc,  was 
considered  to  Is*  an  attractive  |sissihility  as  tui  im- 
pregnite.  It  now  appears  that  this  compounel  isMime- 
wlmt  like  84428,  in  that  the  agent  des*s  not  retain  its 
activity  toward  II  ttnelcrnll  conditions.**-58 

The  in\rstjgators  at  the  Xnvnl  Ki*si*arch  Lilsirn- 
tmy  were  grt*at!y  interested  in  utilising  8-330  as  un 
impregnite.  8-330  Avas  first  prc|Nircd  at-  the  XaA'at 
lt(*scnrch  Isilsmitory  by  a  press*ss  similar  to  Hint 
lists!  for  8-328,  except-  that-  gntuiitlinc  enrismntc  was 
useel  instead  of  urea  for  condensation  with  ls*nsil. 
Its  preparation  anil  use  were  not  desirable  for  several 
reasons:  Xeitiier  Is-nxil  nor  guanidine  earlsmate  wen* 
aA'idlalile  in  any  eiHisiik*rabk*  quantity,  Hcconel,  the 
pns*ess  for  pnslueing  tlie  compound  was  a  rather 
Inlstrioun  one;  the  pnsluct  was  obtained  in  low  yiclel 
anil  a  practical  mcttiesl  for  sepamtion  of  tlie  pnsi- 
nets  of  thccondcnsatiim  was  not  kmiwn.  A  sample  of 
8-330  produced  l>y  n  commercial  concern  at  tlie  re¬ 
quest  of  the  Xavnl  Kesean*h  Lnlsirntory,  late  in 
itM2,  Avas  quite  unsatisfactory  wit  It  respect  to  homo¬ 
geneity  anil  stability.  The  mntcrin!  available*  at  the 
end  of  1042  was  of  such  poor  quality  that  its  list* 
coulel  not  tie  seriously  considered.  Ilmvever,  small 
quantities  of  pun*  material  licramc  available  early 
in  I0t3  as  tlie  n*sult  of  work  done  under  NDHC 
eontracta  ,7-*<  and  idMi  from  tlie  NaA*al  llese*arch 
hilstmtory. 

During  tin*  first  eight  mimtlis  of  1043,  fairly  satis¬ 
factory  pns*essis  for  pnslueing  and  iMilating  pure 
8-330  wen*  developed  by  tlie  Naval  Hesean  li  Ixilsi- 
ratory  and  NDHC,  and  ste|is  wen*  immediately 
taken,  under  the  auspices  of  NDHC),  to  carry  the 
pnsrss  for  pnslueing  8-330  thnsigli  pitot  plant  dc- 
Ai’lopmcnt.  Tlie  proeiW  dcvelojsd  at  tlie  Niia'iiI  lie- 
search  Isilsiratory  for  t-lie  pn*|siration  of  8-330,  uti¬ 
lising  ls*n»l  and  guanidine  earlsmate,  was  taken  over 
under  an  NDHC  contract,”  nnd,  with  improvement- 
and  simplifiention,  has  Iscome  tin*  pns*e»w  by  wbicli 
alsHit-  2  million  pounds  of  84430  bus  ls*er.  pnslumi 
under  an  Army  pnieurcmcnt  contract  for  iinnr|mra- 
thm  into  tlw*  pnitccti\*e  ointment  M-5.  Another  nnd 
apiNirently  mon*  ecimomical  process  for  pnslueing 
S-330  has  ls*cn  ilevcloficd,  utilising  guanidine  nitrate 
insteaii  of  guanidine  earlsmate.'7 

Thus,  prior  »o  the  fall  of  1013,  84430  could  not  Is* 
seriiaisly  considered  as  tm  imprcgnil**  ls*eaus;*  of  its 
unavailability,  and  by  that  time  it  had  ls*cn  estali- 
lishcd  that  84430  was  somewhat  like  84428  in  tlmt  it 
did  not,  under  all  conditions,  n'tniti  its  activity 


skcrkt 


.*>21 


CHMIKAMIDRS  KOH  PROTKCTION  AGAINST  V  RSI  CANTS 


toward  II  after  impregnation  on  doth.  The  advan¬ 
tage  of  8-330  as  an  imprcgnitc  depended  <m  the  fai  t 
thnt  it  brings  alsstt  loss  tendering  of  the  fabric  than 
any  other  known  ehlnramidc.  However,  (‘('-2  im¬ 
pregnated  falnie  containing  trine  oxide  or  euleium 
earlsmate  as  a  stabiliser  has  no  greater  ill  effect  upon 
the  tensile  strength  of  a  garment  during  storage  than 
rits*s  8-330  impregnated  without  a  stabiliser.  How- 
ever,  WW  with  a  stabiliser  lias  prolmhly  less  effect 
during  storage  on  the  tensile  strength  of  hcrringlsmc 
twill  than  uny  known  chtnmmidn.  Of  all  known  com- 
INiunds  active  towanls  II,  8-330  in  an  ointment  is 
unquestionably  the  least  irritating  to  the  skin.  (Set1 
Chapter  25.) 

The  ineffectiveness  of  ('('-2  towanl  tltc  nitrogen 
mustuids  *  •"  led  to  a  search  for  a  compound  as  ef¬ 
fective  against  the  nitrogen  mustanls  as  is  CC-2 
against  II.'**4  The  liest.  eompiHind  now  known  for 
this  use  is  8-J3:  *  It  is  made  by  the  chlorination  of 
2-phcnyt-J,0-dininino-l,3,5-tritisinc,  which  is  ol»- 
t  aims  I  in  high  yield  by  the  condensation  of  phenyl 
cyanide  and  eynnoguanidinc.  There  are  four  active 
chlorines  in  the  molecule  of  8-J30,  which  may  la* 
represented  by  tin*  formula, 

XCI,  NCI, 

CJ?C  ==X-C  =X-C-  X. 

1 _ ! 

Tlic  compound  is  stable  and  melts  without  dccom|x»- 
sition  at  alsHit  138  ('.  Tlic  corres|s>nding  compound 


with  three  chlorines  is  ealletl  8-300:  that  with  two  is 
known  as  8*277.  The  fourth  chlorine  in  8-130  is  al¬ 
most  as  reactive  towanl  the  nitrogen  mustanls  as  is 
(’(*-2  towanls  II;  the  two  elilorint's  ia  8-277  an*  no 
more  reactive  than  thtise  in  (’(’-2.  The  (hint  chlorine 
in  8-300  is  intermediate  in  its  mietivity  ls*tw<s*u  the 
fourth  chlorine  in  8- 13(1  anti  t  he  t  wo  chlorines  of  8-2i  7. 

8-130  is  sitflieii'titly  stable  on  a  fabric  to  make  it. 
possible  to  ttst>  it  in  a  field  or  helmet  pniocsa.  The  irri¬ 
tancy  caused  by  8-130  tut  a  fabric  is  apparently  sim¬ 
ilar  to  that  of  i  PH,  so  that  it  might  lie  feasible  to 
ttst>  it  for  pnitectinn  against  the  nitnigen  mustards. 
The  protective  value  of  8-130  impregnated  in  a 
fabric  has  not  as  yet.  Is<en  confirmed  by  tests  in  a 
toxic  gas  chamlM'r, 

Impmved  pnsvssea  for  pnslueing  another  elilnr- 
nmide,  referred  to  by  the  Germans  as  Decontami¬ 
nant  It),  i.o., 

<)  Cl  O  Cl  O  Cl 
C.’  -X-C— X-C 


was  dcvcloiicd.*7  Tim  new  pns'ess  for  pn>|mring  Ik*, 
ct.ntntninant  10  utilities  a  new  metlasl  for  pre|mring 
cyanurie  ecid,  through  the  reaction  of  ammonia  and 
phosgene.  The  possess  is  similar  to  that  developed 
for  tlic  preparation  of  methyl  isocyanate  from 
methylamine  and  phosgene.17  Dccontuminnnt  JO, 
like  S-J30,  is  ipiite  stalde  and  is  very  effective  for 
decontamination,  particularly  for  the  nitrogen 
mustards. 
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By  tfamrr  A  Akin*  and  Wilkin*  Ntrrr 


INTRODUCTION 


X  HATI8KACTOKV  OIXTMKXT  for  protection  against 
XX  mustanl  gas  (if)  depends,  first,  upon  *d>tnining 


XX  mustanl  gas  (If)  depends,  first,  upon  *d»tnining 
a  suitable  active  agent,  and,  seeor,d,  upon  devising  a 
vehicle  for  applying  and  retaining  the  artivc  agent 
on  the  surface  id  tin*  skin.  It  is  difficult  to  iditain 
a  complete))  satisfactory  nonirritating  compound 
which  will  detoxify  II  instantly  in  low  concentration 
and  yet.  will  not  cause  skin  irritation  under  tmpiettl 
conditions.  The  proMctn  of  obtaining  the  most,  suit- 
aide  active  agents  has  Is-en  considered  in  ( 'hjipter  24. 
No  other  pntetieal  type  of  compmind  has  as  yet  lieen 
f'Stnd  which  iscl7ccti\*ca*a  protective  agent  against. 
Il.s.1  j.«.».o.ii.it.j»  'p|k>  primaty  requisites  of  the  netive 
agent  are  that  it  Is*  available  in  adequate  quantities, 
tliat  it  Is*  staid**  on  storage  in  the  vehicle  and  con¬ 
tainers  selected,  and  that  it  not  irritate  the  skin,  even 
though  it  is  applied  repeatedly  under  tropical  con¬ 
ditions  over  a  periisl  of  many  fnsirs  or  several  ilays. 
A  study  of  a  great  many  different  chloramiiles  has 
shown  that  tls*  one  made  from  licnsil  and  guanidine, 
nsksl  H-330,  is  tlie  most  satisfactory  agent  from  tlie 
stand|sdnt  of  irritatiim  and  staldlitv  on  storage.7 
Kx|**ri«*nee  has  shown  that  it  is  pnsuimhle  in  almost 
any  <k**ired  quantity  at  a  reasonable  cost. 

.  Tlie  primaty*  requisite  in  a  vehicle  is  that,  in  aildi- 
tion  to  ls*ing  mmirritating,  it  retain  tlie  active  agent 
on  the  skin  as  long  as  possibl  .  No  vehicle  so  far  td>- 
tainisl  is  completely  satisfactory  in  giving  long  per- 
sisti*me  i*f  protection  without,  interfering  with  the 
subject's  handling  of  t«sds  mid  weapons.  It  appears, 
however,  that  at  this  time  the  pnitccfivc  idntment 
procured  liy  the  Army  ami  Navy,  ami  emlcd  M-5  or 
HdSItt  protective  idntim*nt,  is  tlie  most  satisfactory. 
Tims  tlw*  work  on  protective  ointments  is,  in  a  cer¬ 
tain  sense,  summarised  in  the  formula  lor  M-5  dis* 
eusseil  ls*low. 


54.5  DKVKIjDPMKNT  and  kvai.ivtion 

op  I'HfrrwrriVK  ointmknts 


Prior  to  DecentlsT  If) it),  tin*  Toxictdogical  Re- 
search  I-nlsimtory  of  tlie  <  'hemient  ./arfare  Her  vice 
[v'WS]  had  deVelojssl  at  Kdgcwissl  Arsenal  tin  oint¬ 
ment  which  they  U'lit  visl  was  satisfaetiin*  fiir  pro- 


twtion  and  decontamination  against  H."u  Tlie  oint¬ 
ment,  desigiuiteil  M-l  and  containing  25  |«»rls  of 
diehlonimine-T,  tlo  parts  triacctin,  ami  10  part* 
cellulose  acetate  Imtymte,  was  n*commcml<*d  for 
manufacture  at  that  time.  Since  dichlomminc-T  was 
not.  immediately  nvnilntdc,  an  idntment  containing 
ehloramine-T,  designated  M-2,  ami  imm*  emitnining 
dichloramiiH*-!),  ik*signnteil  Mil,  wi*n*  miuiuftu'tured 
in  small  amismts.  Tlie  designation  of  M-l  was  then 
cltangcd  to  M-4.  Tlie  fact  that  M-4  was  t«si  irritant 
to  Is*  used  as  a  protective  ointment  was  offieially 
fclmit'etl  in  the  full  iif  1012,  and  it  was  thereafter 
n*comm<*ndcd  for  tleeontamination  only.'7-'* 

Tlie  British  Imd  found  idntment*  containing  ehlor- 
mni:u*-T  or  dichlomminc-T  tisi  irritant  for  use  ns 
protective  ointments.  Alsmt  the  middle  of  1011,  they 
pnsluccd  a  protective  ointment  of  tlie  vanishing- 
cream  type  composed  of  25  purts  Impregnite  K,  20 
parts  diethyl  phtlmlatc,  10  parts  hydrogenated 
wliak*  oil,  4  isirts  sodium  stearate,  2  jsirts  potassium 
stearate,  anil  30  parts  water.*477  Tliis  idntment.  is 
known  as  A.<  5.  No.  5.  Because  of  tlie  unavailability 
of  hydrogenated  whale  oil,  nnotlier  ointment,  known 
ns  A.(».  No.  0,  was  reeommemleil  for  pns*urenient  in 
which  hydrogenated  peanut  oil  replareil  tlie  whale 
oil.  Difficulties  were  encountered  in  tlie  manufacture 
of  A.(  I.  No.  0,  so  tluit  it-  was  not  pnsliifcd  in  any 
eonsidei.il  do  amount.  Neither  A.<5.  No.  5  nor  A.CI. 
No.  t‘»  was  acceptable  to  United  States  Armed  Serv¬ 
ices  Ikchusc  of  lack  of  stability  from  Itolh  the  physi¬ 
cal  and  eliemieal  stamlpidnts,  alllusigh  lla*y  wen* 
ncoguixed  as  jieing  quite  mmirritating,  and  as  ls*ing 
quite  satisfnetoiy  as  a  dixuntamiiuuit  for  human 
skin,  clothing,  ami  weapons."-** 

If  wa*  widely  n*etigni»*d  in  I0l2tluit  the  ointment* 
available  to  tla*  A  mail  Herviii's  wen*  dofi*elivo  ill 
••erfniii  fundamcntiil  n*spi*i*ts.  ’11m*  M-l  uinliiH*iil  of 
tin*  Army  was  irritating  wlicri  a|»plied  to  tls*  skin  and 
was  unstable  in  storage.  It  np|M*nn*d  that  no  oint¬ 
ment  .’“attaining  diehloraniim*-T  (tls*  active  agent, 
in  M-l;  wimtil  Is*  satisfnetoiy,  either  with  n*s|s*et,  t«i 
effect  on  skill;  or  staldlity  in  storage.  11s*  agent  in 
tlie  British  ointment  was  snt-isfnetoty  from  tla*  stand¬ 
point  id  irritancy,  but  „nt  from  the  standpoint  of 
avaiialiility  or  accept ability  to  U'pn'scntutivc*  of  tlw* 
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Armed  Services.  The  water-oil  emulsion  used  as  the 
vefiiele  in  the  British  ointment  wns  unsatisfactory 
from  the  *tnml|ioiut  of  stability  on  storage.  It  thus 
see  nasi  ncis-ssnry  to  select  tlie  most  stable  and  least 
irritating  potentially  available  ehlommide,  and  to 
ineor|Ntrate  it  into  an  anhydrous  vehicle. 

The  chemical  and  physical  characteristics  of  S-llil 
and  S-32S  seemed  to  make  them  potentially  valuable 
as  ingredients  for  a  protective  ointment.  TIh-sc  com* 
INMinds  had  la-en  pn-|Hired  at  the  Naval  Research 
i  41 1  stmt:  »ry  and  bsind  to  Is-  stable  towards  lieat  and 
water,  and  relatively  nonirritating.  Tlie  possibility  of 
using  tla-se  e«>m|NHinds  in  a  protective  ointment  wi»s 
ealli-d  to  tlw-  attention  of  representatives  of  the 
Chemical  Warfare  Service  in  Xovemls-r  Mill,  How¬ 
ever,  a  favorable  res|Htnse  was  not  n-ei-iveri,  |M-rha|>s 
Is-cause  at-  that  time  the  representatives  of  the 
('liernical  Warfare  Hervice  lielieved  that  the  active 
agent  in  a  protective  ointment  must  Is-  in  solution 
and  not  merely  dispersed.  Xeither  S-llil  nor  S-32H 
is  sufliciently  soluble  in  any  suitable  solvent  to  make 
it  |Missibtc  to  secure  an  ointment  similar  to  M-t  in 
which  the  active  agent  is  in  solution  in  trbu-etin. 

ointments  containing  an  insoluble  ehloramhlc  in 
sus|M-nsion  in  a  nonmim-ous  medium  had  apparently 
not  hitls-rto  licen  prepans  I  or  evaluated.  However,  a 
practical  solution  of  the  pniblem  of  making  up  such 
an  ointment  was  obtained  in  March  1012,  within 
eight  days  after  it  was  pn>|iosrd  bv  a  representative 
of  tin-  Naval  Research  lalsimtory.  The  ointment 
consisted  of  S-  (111  (.‘II  percent)  and  magnesium  stea¬ 
rate  (I  I }N>r cent). dispersed  in lujuid  triace  tin  (*»2|*-r 
cent ).  8- 1(11  was  the  least  irritating  available  chlor- 
amide  until  8-330  was  tested  in  August,  1013.  Tlie 
magiM-sium  stearate  was  sek-eti-d  ns  tlie  sei-oml  solid 
coni|Mmcnt  of  the  ointe^  nt,  in  onh-r  to  make  it  mon* 
•ulherent  to  the  skin  .tud  to  facilitate  spreading,  amt 
to  give  it  Is-tter  "cosmetic  piop-rfies."  Tie-  ointment 
so  compounded  was  testi-d  f«*r  stability  in  storage  ' 
and  for  pro'ectiun  “  ^  atel  irritancy.  It.  was  adopted 
by  tie-  Xnvy  in  August  1012,  and  pns-un-d  in  Scp- 
temls-r  1012,  atel  again  in  March  1013.  For  mor* 
than  a  ye?ir  ami  a  half  the  Navy  S— H»l  ointment,  was 
tin*  only  protective  ointment  available,  although 
pns-urement  of  many  millions  «*f  tuls-s  «*f  M-l  oint¬ 
ment.  was  continued  bv  the  Artnv  until  tlie  fall  of 
1013. 

Tests  made  on  tie*  Navy  S-ltll  ointment  during 
the  last  half  of  1012  and  the  first  half  of  1013  showed 
that  the  ointment  caused  irritation  in  a  considerable 
numlsT  of  those  who  applied  it,  tints*  to  sis  times  in 


succession,  during  a  3-day  is-riisl.’  ^  -^"1  During 
January,  February,  and  March,  1013,  the  situation 
with  regard  to  a  protective  ointment  was  considered 
by  an  imimrtinl  committee  at  the  rv<|Ucst  of  the 
CWS-NDRC  Technical  Commit  tit-.'"  It  was  eon- 
eluded  that  the  S- HU  Navy  ointment,  or  a  modi- 
fication  carrying  a  lower  comt-ntmtion  of  the  active 
agent,  was  the  liest  protective  ointment  availabh-  at 
the  time.  This  conclusion  was  shared  by  the  repre¬ 
sentatives  of  tin-  Canadian  Army,  who,  u|s»n  the 
Isisis  of  the  infonnation  available  from  United  States, 
British,  ami  Canadian  sources,  proceeded  with  the 
procurement  of  H-IOI  and  the  adopt  ion  of  its  use  in  a 
protective  ointment  having  the  same  com|HHients  as 
the  ointment  pmeun-d  by  the  United  States 
Navy.*'* 

Tlie  dilliculties  in  developing  a  protective  oint¬ 
ment  wen-  due,  in  large  |»art,  to  the  lack  of  adc<|iintc 
means  for  h-sting  an  ointment  for  protective  value 
undi-r  realistic  comlitions.  The  only  metlnsl  avail¬ 
able  for  ti-sting  tin*  protective  value  of  an  ointment 
was  (In-  inndc«|Untc  Kdgcwood  cup  method.*  Realistic 
amt  comparative  t«*sts  had  not  Is-en  carrir-d  out.  to 
determine  tin-  irritancy  caused  by  n-|N-ated  applica¬ 
tion  of  a  protective  ointment.  Beginning  in  the 
spring  of  11)13,  routine  testing  for  irritancy  was  car¬ 
ried  mil  under  a  National  Defense  Research  Com- 
mitti-e £NDR(  •] emit ract,  amt  the  h-ading candidate* 
evaluated  more  tJionmghly  under  vurious  contmcts 
with  tlie  Commit  tee  on  Medical  Research  [C.MR].T 
TIh-  result*  obtained  led  to  tlie  diseoverv  that  8-330 
was  the  least  irritating  of  tin*  known  rhloramirics, 
with  purr  CC-2 and  S-ltll  Is-ing  Ha*  sw-ond  and  third 
i-andidates,  respectively.  8-330  is  also  very  stable 
wlien  com|MMimlisl  into  im  ointment,  tuid  stored  for 
seven,!  months  at  30  C. 

During  the  summer  and  fall  of  1013,  tests  were 
curried  on  in  toxic  gas  clmmls-rs  nt  Kdgewissl  Arm-- 
tial  ami  at  tin-  Naval  Resi-arch  Isilsinitoty,  whereby 
ointments  could  Is-  given  a  more  realistic  evaluation 
as  to  tlieir  effectiveness  for  protection  under  condi¬ 
tions  somewhat  similar  to  those  encountered  in  the 
field.17  Tln-se  ti-st.s  demonstrated  what  had  already 
Is-en  suspecte*!,  that  tin-  vehicle  in  which  the  aetivu 
agent  was  di*|>or*cd  was  of  mon*  im|torluucc  in  de¬ 
termining  the  (M-rsistcurc  of  protection  than  was  the 
IKirticulnr  active  agent,  or  the  amount  of  it  present 
ill  tin- ointment.  M'-tlnsI*  for  the  pn-|Niration  id  pure 
S-330  having  Is-en  worked  out  during  the  first  eight 
months  of  1913,  it  lieeamc  the  m-t ivc  agent  pi-efcrn-d 
for  use  in  a  protective  ointment.  Renewed  attention 
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was  (Im‘11  given  to  t Ik*  question  of  (ho  most  suitable 
vehicle  for  SvMI. 

In  order  to  snore  n  lx*ttcr  adherence  to  tli<  skin 
(luring  exercise,  it  proved  ndvuntugnxix  t«»  incorp*>- 
ratc  cellulose  butyrate  acetate  into  tin*  ointment.17 
Tlx*  addition  of  titanium  oxide  wax  also  found  to  lie 
advatitageoux,  Ixxunso  its  use  eliminated  some  of  the 
difficulties  incidental  to  tin*  manufacture  of  an  oint¬ 
ment  containing  cellulose  acetate,  and  it  also  im¬ 
proved  tlx*  spreading  (pialities.  It  seemed  advisable 
to  incor|Ninit<  dyes  into  flic  ointment  for  tlie  sake  of 
camouflage."  Tla*  formulation  of  tlie  M4  ointment 
adopted  in  Deeemlier  19  IK  was  25  fx*r  cent  8-KKO, 
I  |n  :*  cent  cellulose  acetate  butyrate,  0  per  cent  ti¬ 
tanium  dioxide,  0  per  cent  magnesium  stearate,  52 
jx*r  cent  triacctin,  O.H  |x*r  cent  stilfantlirene  brown 
<«,  and  0.2  |xt  cent  monnstral  fast  green  <».  An  oint¬ 
ment  of  approximately  this  composition  appears  to 
lx*  the  most  satisfactory  yet  attained  for  protection 
against  II  and  for  dn'ontnminntion  of  the  skin.'"'"- 

Sl  .S  V  J1.J7.J* 

If  8-KKO  is  not  availalile,  (‘('-2  of  gixxi  quality  is 
prolxtbiy  the  preferred  active  agent  for  use  in  a  pro¬ 
tective  ointment.*-7  Hie  ixissibitity  of  using  (V-2  in 
an  ointment  was  dixcnnlnl  by  the  representatives  of 
C\V8  for  nnsons  that  now  do  not  seem  to  lx*  appli¬ 
cable."  1’ntil  the  middle  of  1915,  consideration  could 
not  lx*  given  to  the  use  of  C(*-2  in  a  protective  oint- 
“lent,  I  arouse  of  its  unavailability  for  this  purjxise. 
Tlie  (piality  of  <  V-2  available  in  1912  was  such  that 
it  nxdd  not  lx*  seriously  ronsidcml  for  list*  in  an  oint¬ 
ment,  and  tlx*  |Min>  rom|x>und  was  not  tested  for  irri¬ 
tancy  in  an  ointment,  in  so  far  as  is  known,  until  tlx* 
spring  and  summer  of  19  IK.  Tlx*  repn*sentntivcs  of 
Nl>l{<  ’  wen*  alxiut  to  rreonrnend  Hx*  use*  of  (’(  -2  in 
a  protective  ointment  wlli-n  the  pnx*esses  ha*  pm- 
dueing  S-KKO  and  tlx*  fact  of  its  mmirritaney  were* 
established  in  August  19 IK.  The  physical  properties 
of  <’(’-2  an*  not.  so  satisfactory  as  either  S-llll  or 
S-KKO,  from  tlx*  stuud|xiint  of  fabricating  an  oint¬ 
ment,  and  low  content  of  active  chlorine  tnaki*s  it 
lm|xxwlbk*  to  pnxhtcc  an  ointment-  having  mon*  than 
about  i.5  jx*r  ei*nt-  active  chlorine. 

Kxtensive  sean*hes  have  lxx*tt  made  to  find  agents 
other  than  ehlornmidcs  which  will  lx*  effective  in  an 
ointuxmt  in  protecting  against  II  or  otlx*r  vesi¬ 
cants.7  *  *  ’  77 -7*  These  senrelies  have  lx*en  carried 
on  in  Kitgltind,  and  in  several  lalxiratorx*s  in  this 
country  under  the  auspices  of  XI>H<\  C.MII,  CAVS, 
and  tin*  Xuval  lfesear.!i  Lilximtory.  Tlie  justifica¬ 
tion  lor  this  extensive  search  lay  in  the  fart  that,  by 


tlx*ir  very  nature,  all  ehlonunid«*s  an*  likely  to  Ixi 
somewhat  irritating  when  applied  continuously  or 
repeatedly  to  human  skin.  Xo  compound  other  than 
a  ehlontmide  has  lx*ctt  found  which  was  sullieiently 
effective  against.  II  to  justify  its  use. 

An  intcn*sting  outcome  of  attempts  to  improve  the 
available  ointments  was  the  formulation  of  a  pro¬ 
tective  ointment,  similar  to  M-5,  in  which  dimethyl 
phthalate  replaced  triacctin  as  the  liquid  vehicle. 
This  ointment  is  apparently  similar  to  M-5  in  stabil¬ 
ity,  tuck  of  irritancy,  and  ctf(*rtivcm*sx  of  pmt(*etion 
against  II;  in  addition,  it-  has  the  advantage  of  re¬ 
pelling  moxquitix*x  for  a  period  as  long  as  K  hours 
after  tlx*  application  of  the  ointment .*•*' •** 

Protective  jxiwders  containing  a  chloramide  were 
re|x>rt<*d  to  lx*  mon*  satisfactory  in  the  tropics,  lx*- 
cause  of  the  lower  irritancy,  than  were  protective 
ointments.  Powders  containing  8-101,  having  excel¬ 
lent  chaniet eristics  with  n*S|X*et  to  covering  and  ad¬ 
hering  to  the  skin,  wen*  pn*|xin*d.’  The  powders  were 
not  irritating  to  the  skin;  however,  they  did  not  offer 
much  protection  us  judged  by  the  Kdgcwixxl  cup 
mctixxl.*  Powders  containing  a  chlonunide  have  not 
lx*en  evaluated  for  pmtectiun  in  a  toxic  ehatnlx*r. 

23.3  PHOIIMIbK  USKKU.NKSS  OF 
PKOTKCTIVK  OIXTMKNTS 

Tlx*  chlorr.mide  in  a  protective  ointment  n*acts 
with  II  in  such  a  way  that  one  to  three  “active” 
chlorines  an*  required  to  detoxify  one  molecule  of  II. 
In  an  ointment,  tlx*  small  amount  of  active  agent  that, 
can  lx*  spread  ujxm  tlx*  skin  has  it  rather  negligible 
ciqxirity  for  ilextmying  dmplets  of  liquid  II.  How¬ 
ever,  a  film  ih  a  gixxi  ointment  pmlxildy  contains 
sufficient,  active  chlorine  to  detoxify  all  of  t-l*e  II 
molecules  impinging  iqxm  the  surface  during  ex¬ 
posure  of  a  few  hixirx  to  collect!  tmthaix  of  II  vtqxir 
of  tlx*  order  of  29  K0  pg  of  II  per  liter  ot  air.  Sufficient 
active  chlorine  for  protection  will  remain  upon  the 
skin  for  a  few  hours,  providnl  I  ho  ointment  is  applied 
to  a  relatively  Hat-  surface,  such  as  on  the  inside  of 
tlx*  forearm,  and  provided  that-  the  subieet  dix*s  not 
perspire  tix»  freely  or  that  the  ointment  is  not  rublx-d 
off  by  clothing  ot  otherwise.  Kven  under  optimum 
ciHxliiionx,  a- protective  ointment  can  only  lx*  e.x- 
pcrtnl  to  reduce  casiialt  ies  and  cannot  long  offer  com¬ 
plete  protection  to  the  Inn  ds,  neck,  arid  face  of  tneti 
in  comlxit. 

There  are  considerable  differences  among  diehlor- 
aminc-T,  V('-2,  S-K2K,  S-llil,  and  S-KKO  as  to  tlx* 
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length  of  tlw*  jm-HikI  during  whirl;  the  agent  remains 
un  tlw  akin.  Tlw  insoluble  stable  rompminds,  such  mm 
8-328,  Will,  and  8-330,  apparently  remain  on  thr 
skin  hmgcr  than  flora  dirhloraminr-T.  ( '( '-2  suffers 
under  tlw  disadvantage,  an  compared  with  8*328, 
8* HU,  anil  8*330,  of  low  rfintrnt  of  active  chlorine 
and  sensitivity  to  light,  so  that  sfime  decomposition 
of  the  rompounfi  occurs  in  sunlight.7  However,  the 
persistence  fd  protection  of  an  ointment  rtmtaining 
tin*  more  stahle  chlommiiles  is  in  lance  part  ileter- 
mineil  l»tv  the  vehicle  into  which  tlw  ointment  is  in- 
corpffroted.'7 

The  duration  of  protection  hy  an  ointment  is  de¬ 
termined  in  lance  part  hy  the  exertions  made  hy  the 
subject  during  the  period  of  his  wearing  the  oint¬ 
ment:  thus,  tlw  more  vigorously  the  subject,  exer- 
eisi*s,  tlw  more  quickly  will  tlw  prot return  l<e  lost, 
especially  on  timer  portions  of  hands,  jaw,  ntul  neck 
wlwre  tlwre  are  sharp  angles  and  creases  in  tlw  sur¬ 
face  fd  the  skill. ',  M  Kxerclse  anil  high  temperature 
also  increase  tlw  amount  ami  extent  of  irritation 
caused  hy  tlw  use  of  a  protective  ointment.*  tn  view 
o!  tliese  variations,  it  Is  lm|Nis«lhtc  (ogive  any  defini¬ 
tive  picture  of  tlw  amount  of  prutecthm  offered  hy  a 
protective  ointment,  or  of  the  extent  <»f  irritation  o.i 
repeated  application.  Tlw  numerous  reports  listed  in 
the  Hihli.igntphy  should  Iw  consulted  if  <ic*nilrri  in¬ 
formation  is  floured  as  to  tlw  effectiveness  anti  liabil¬ 
ities  incidental  to  the  use  of  n>pn<setitative  protective 
ointments. 

Tlw  Tallowing  statements  give  a  fair  inflicntifm  of 
the  flmmctcristifs  of  the  M-.r>  ointment  ctmtaining 
8-330.  An  flint  men!  containing  8-330  may  Is*  applied 
3  times  a  flay  for  3  successive  flays  to  the  nvist  sensi¬ 
tive  areas  of  skin  witlmut  significant  irritatum,  if  tlw 
men  a;e  exposed  to  tem*'cmtures  which  flono!  cxcccfl 
00  I*  at  relative  humt'iilics  mil  averaging  atsive  js»r- 
ha|is70percent.  Test  scurried  out  in  ;  his  country,  ns 
well  as  in  Australia,*"  *'■**  **  indicate  that,  under  tlwse 
conditions  almost  none  of  the  men  wearing  tlw  oint¬ 
ment  show  any  irritation.  As  tlw  conditions  more 
closely  approach  those  of  tlie  tropics,  tlw  extent  of 
irritation  increases.1 " ** **  However,  it  has  liecn  ctm- 
ehiflefl,  as  the  result  of  tests  carrieil  out  in  I’anama 


uniler  ratlwr  severe  coiulitions,  that  the  M*.1  oint¬ 
ment  floes  not  give  Urn  great  an  irritatiim  to  prohibit 
its  use  even  in  the  tropics.'*  During  3  flays  of  con¬ 
tinuous  wear  in  maneuvers  in  the  jungle,  th«  inn* 
hirity  of  soldiers  were  somewhat  irritated.  The  irri¬ 
tation  enlist'd  hy  M-fl  is  |icrhn|>a  somewhat  greater 
tluin  wlwn  8-330  is  tim'd  in  tin*  simpler  vehicle  of  the 
S-H5I  Navy  ointment. 

It  has  I  wen  reported  that,  on  the  Imuis  of  the  chum- 
Iwr  tests  at  Kdgcwood  Arsenal,  men  are  protect!  <1 
for  12  luairs  against  ex|msun>  to  a  concentration  of 
II  «»f  arvHintl  30  gg  I  of  air,  at  a  temiwrutun*  of  00  !' 
anil  80  |wr  cent  relative  humidity.  One  hour’s  ex¬ 
posure  to  a  convent  rat  ion  of  30  *g  I  corresjMiiifis  to  a 
vapor  dosage  (f Oof  1 ,800  mg  min  mM.e..«10  X  30.'* 

In  eluimlwr  tests  in  Australia,  the  subjects  after 
applying  tlw  ointment  wen*  exercised  for  different 
pc  reals  of  time  Iwfore  Iwing  suhjecteil  to  the  chant- 
Iwr  tests  under  temperature  and  humitlity  coiulitions 
similar  to  those  employed  at  Ktlgewiaal  Arsenal.  All 
subjects  wen*  cx|Miacd  to  an  II  vu|s>r  dosage  of 
t.OOO  ntg  min  in*  anti  the  relative  pnitectiou  pro- 
vifleii  by  the  olntnu'iits  noted.  It  was  found  that  tin* 
8-101  ami  8-330  tantments  were  markedly  sii|N'rit>r 
tfi  tlw  A.( !.  No.  5  ointment  in  having  a  much  greater 
persistency  of  proteetitHl,  that  is,  those  subjects  who 
exerrised  I  or  2  hours  la*fore  entering  the  chumlwr 
wen'  still  mtalerately  well  pnitreted  by  these  oint¬ 
ments,  wlwreux  tlw  A.d.  No.  A  ointment  was  practi¬ 
cally  valuek'ss.*’*4  t 

Nf»  known  pnitf*ctive  ointment  will  give  complete 
protection  without  irritation  tunny  subject,  but  tlw 
M-f»  ointment  should  materially  reduce  casualth's  in 
ewe  men  encounter  II  vapor  in  tlw  field.  It  is  the 
least  irritating  tiintmcnt  tin  re|N>atcri  application, 
with  tlw  isissihlt-  exception  of  tlw  British  A.f !  No.  5, 
althfttigh  the  latter  may  cause  eyiuutsia.***  The 
greatf'r  stability  of  M-A  tm  storage  and  the  initeh 
gntiti'r  |s*rsistence  td  protect  i(*i  jis  ct»m|mretl  with 
A.C*.  No.  5  make  it  tlw  ls*st  protective  ointment  so 
far  produceil.*'-’* M-fl ointment  is also a gfssl  flectin- 
tatninaht  fur  skin,*’*  clothing,  ami  weapons,  ami  may 
Iw  used  in  rendering  clothing  protective  against  II 
in  ease  of  emergency. 
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Chapter  26 

CHLORAMIDE-IMPREGNATED  TYPE  OF  PROTECTIVE  CLOTHING  \ 

By  Hnmrr  A  til  in'  nml  Wilkin'  Hmr 


t*.\  IVrKODlfrtTON 

till  tiik  oi'thruak  «if  war  In  1941,  the  Armed 
Services  facts!  critical  problems  in  connection 
with  tlie  provision  of  gnx-pmtcetive  clothing  for  the 
enomvsis  Army  unit  Navy  orgnnimtions  planned. 
Peacetime  research  hy  the  Clicmical  Warfare  Service 
[( ’WS  J  !m<l  provided  a  chemical  impregnation  sys- 
tom  for  riirspervkais  clothing  wliirh  made  such  cloth¬ 
ing  protective  against  mustard  am  (II).4'  However, 
the  unprecctlcntcd  demands  of  glolxil  warfare,  with 
respect  to  condition*  of  storage,  nxe,  and  volume  of 
elothina,  necessitated  radical  mislificationx  in  1x>th 
formulation  and  proves*. 

The  1941  impregnating  pris-ess  waslmsed  on  Im- 
preanite  ('('-2,  a  chlornmiilc  eontninina  available 
chlorine  which  renetx  with  II  and  thus  pmteetx 
naninxt  it.  Tlie  clo.hing,  ineludina  herringlsine  twill 
coveralls,  01)  wind  uniforms,  underwear,  nml  aeces- 
xoriex,  wax  impregnated  with  a  solution  of  (V-2  in 
h«*t  tctmrhlorurthnnc  (TC'K)  containing  ehlottn 
immflin  (CP).  Tlie  tctnwhloroetlume  solvent  wax 
then  evaporated,  leaving  the  CC-2  Iximled  to  the 
falsie  hy  tlie  vixwxis  chloroparaffin.  This  “solution 
pmvess"  wax  operateil  in  m:irhinc  impregnating 
plants  xpeeially  eonstrueted  to  resist  eorroxio«i  and 
provide  for  solvent  rerovery.4"  Tlie  elothina 
laded  for  storage  until  needed. 

Heruat*  difficulties  faeeil  in  early  1!* -2  included  tlie 
very  limited  life  of  I  tided  impregnated  elothina  xtorrd 
umler  tropirnl  conditions, 4'‘,inavo«lalile  and  danger¬ 
ous  ilelays  in  procuring  enough  of  tlie  complex  xolu- 
tinn-im|>rrgnntiiig  pltuttx  for  glolxil  use,  inadequate 
supjtiics  of  TC'K,  tlie  necessity  for  transpiirtina  very 
large  amounts  of  TCK,  ami  liaxanl  to  opemting  per¬ 
sonnel  fnm  toxii*  Tt  *K  vapors.44 

The  initial  prolilcm  of  preventing  destruction  of 
clothing  impngtintcd  with  CC-2  was  referred  to  the 
National  Defense  Research  Committee  [NDKC]  l>y 
the  Naval  Hesear.’h  Dthomtory  [XKI/j  in  Felanaiy 
1912.  'lids  problem  was  then  assigned  hy  NDHC  to 
a  rexenreh  group.  Cimtaets  with  activities  of  tlie 
( liemical  Warfare  Srrvire  were  si  t  up  within  a  few 
week*.  Following  the  development.  of  hwls  on  tin* 
original  prolilent,  a  secunil  major  objective  was  in- 


tmiluceil,  tlw*  develofiim'iit  of  tut  aqiHssis  impregna¬ 
tion  process.  New  proldcmx  xulixidiary  to  this  ob- 
jective  later  became  major  research  objectives  in 
themselves.  Meanwhile,  the  need  for  portal  tie  hand 
impregnating  units  was  recognised  and  set  up  as  an 
additional  objective  under  tlie  project.  Throughout 
this  work,  XDItC  and  other  (Sovemment  agencies 
continued  their  efforts  hi  make  lanie  improvements 
in  protective  systems,  including  evaluation  of  newly 
synthesised  impregnites,  study  of  the  intrinsic  sta- 
Idlity  of  fabrics,  and  development  of  superior  Idnders 
ami  dispersing  agents. 

CScneral  programs  involving  the  NDKC  research 
group  wen.  planned  in  colialMiration  with  the  Tech¬ 
nical  Division  of  tlie  Chemical  Warfare  Service  at 
tidgrwiaal  Arsenal  and  the  Naval  Kexcnrrh  Lnlaira- 
tory  at  Washington.  The  N1)RC  research  was  accom¬ 
panied  by  ilevelopment  work  at  NKI«  and  at  Kdge* 
winnI,  some  directly  related  hi  the  NDKC  program 
ami  some  imlcpendcnt  of  it.  Plant  trials  of  new*  or 
modified  prorewex  derived  from  the  NDRC  research 
program  were  onlinarily  conducted  jointly  hy  the 
Hrrvice  ami  NDKC  personnel,  with  the  latter  in  the 
caparity  of  mlvixcmaml  observers.  Practical  tests  of  a 
research  character,  such  as  tmop  wearing  nml  hand 
impregnation  trials,  were  planned  jointly,  adminis¬ 
tered  hy  the  Services,  and  usually  olixerved  by 
NDKC  personnel.  All  gas  chamlrr  tests  were  Service- 
ctsidoctcd.  Tlie  engineering  of  stnndanliaeil  fiehl 
impregnation  plants  and  sets  was  handled  hy  tho 
Service  organisations.  In  addition,  representatives 
of  the  ({uartcmuixtcr  Corps  were  active  in  joint  eval¬ 
uation  work  isi  fats-ic  quality.  The  prolsilile  pro¬ 
tective  values  of  falirics  were  determined  hy  inlmm- 
tory  mcthisls  hy  NDKC  contractors,  ns  well  ns  at 
Kdgcwtaal  Arsenal  and  the  Naval  Keren rch  halmm- 
tory.  Kcprcsentatives  of  *lie  IT,  S.  Fisal  and  Drug 
Administrates!  assisted  in  planning  and  in  analysing 
tlie  results  of  wixiring  tests. 

Tlie  prolilem  of  impregnating  fabrics  with  Ct  ’-2  is 
ratls*r  complex  sim*e  it  involves  applying  a  highly 
rcartivc  rhcmifal  to  fabric  of  uncertain  els*mical  his¬ 
tory  ami  reactivity,  and  *ul*«equot»lly  maintiiiriiug 
Isith  tlie  strength  of  tlie  fabric  and  the  activity  of  the 
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impregnite  through  Ion*  jwrhxlx  of  storage  and  wear¬ 
ing  service  under  advciyo  condition)*.  The  circum¬ 
stances  minimi  an  impregnation  prorex*  |icrmitting 
immediate  procurement  of  e<|iiipment  ami  a  rod'.tr- 
tion  of  supply  tranxport  to  a  minimum,  and  simple 
enough  for  field  operation.  The  nerd  wax  urgent,  a* 
adequate  preparations  for  the  protection  of  M  0  mil* 
lion  men  required  Isith  impregnation  of  clothing  for 
st  orate,  anil  pmeurement  of  equipment  f«»r  use  in 
the  Theaters  of  0|*’mtions  (T  of  O)  and  in  the  actual 
comhit  «onex. 

Tlte  general  object  wax  to  apply  impregnite  cquiv- 
alent  to  0.5  mg  of  available  chlorine  per  square  centi¬ 
me!!  r  of  fabric  by  t-he  simplest  possible  pitrcedure, 
in  a  formulation  which  would  insure  a  useful  life  for 
Imth  fabric  ami  impregnite  in  storage  nnd  in  use. 

The  major  achievement,  in  the  project  on  the  rhloc- 
amide  type  of  protective  clothing  has  Ison  tin*  de¬ 
velopment  and  improvement  of  a  process  in  which 
water  repine*1*  tlie  organic  solvent  formerly  required. 
Tlie  solution  of  this  problem  obviated  tlte  neenwity 
for  tlje  priKUrcment  ami  transport  of  large  tpiantities 
of  tetmehlons'tlmnc,  a  result  which  was  of  partieidnr 
importance  in  tin*  T  of  O  plants.  The  successful  solii- 
tf*m  *if  tlie  problem  le*l  to  tlie  <levelopment  of  easily 
transported  hand  impregnation  sets  for  use  by  troops 
in  tlie  field  The  field  process  has  made  pmtective 
clothing  available  f«ir  use  by  tnsips  in  eomlmt  areas, 
or  in  nm»s  s*»  isolated  as  to  make  impractical  a  sup¬ 
ply  of  impregnated  clothing  from  the  T  of  O  plants. 
The  necessity  f«ir  frequent  reimpregnation  in  hot 
humid  weather  makes  the  field  process  f«*  impregna¬ 
tion  particularly  useful  in  tnipirnl  climates.” 

Xiimcnsi*  corollary  problems  have  lieen  studied, 
nnd,  in  m*i*t  instances,  a  pi-ietioal  solution  obtaine*!, 
e.g.,  grinding  C’C-2  t*i  a  one  particle  siar  to  tiermit 
stable  suspensions  ami  cffWont  reaction  with  11 
vu|5or;  *  discovery  of  dis|M>rsing  agents  rnsistant  to 
the  chemically  reactive  (V-2  and  yet  effective  it: 
emulsifying  chlorinated  paraflin  nnd  dcfiwctilating 
(V-2  in  all  types  of  water,4-***  elimination,  for 
rnmonflngi1  purposes,  of  the  xurftK’o-wh'tening  of 
fabrics  caused  by  the  aqueous  dispersions;  •*  tender¬ 
ing  of  (<c1ltiln*ir  shipping  eontnitiers  by  tlie  finely 
divhled  (V-2  if  powder  form;**  tliermal  sensitivity 
of  powdered  ( *(  ’-2:  *  laumlryfastncM*  of  impregnated 
fabrics;  ”  methisls  for  rapidly  evaluating  in  tin1 
lalstratory  tlw*  characteristics  of  an  impregnated 
fahrie,  which  manifest  tliemselves  during  xtomgr  ami 
wear  of  garments  under  realistic  conditions; 
skin  irritation  accentuated  by  impregnate*!  faltries 


and  improving  the  comfort  of  impregnated  gar¬ 
ments;**  Imihl-up  of  impregnation  components  on 
clothing  during  several  perusls  of  use  and  reimpreg- 
nation;  ,»-**  ami  stiffening  of  rlothing  by  impn<g- 
nation. 

Attenthm  has  also  lieen  given  to  alternative  iin- 
pregnites, ’*•'*'  with  some  attention  to  those  that 
might  lie  effective  against  the  nitrogen  mustards,  us 
well  as  against  It.  'Hie  effort  of  the  processing  of 
textiles,  prior  to  impn>gnation,  upon  the  life  of  the 
impregnite  and  the  impregnated  fahrie,  have  lieen 
investigated. 11 The  results  of  the  study  of  all 
these  problems  are  given  in  the  technical  rejsirts, 
lmt  only  a  few  are  discussed  here. 

Of  the  major  developments  umler  the  project, 
three  were  adopted  by  the  Armed  Services  in  1012 
ami  *943;  four  were  undergoing  practical  service 
ti*sts  by  the  Sendees  when  hostilities  xt«>p|icd;  and 
one,  upon  which  initial  leads  had  lieen  obtained,  was 
referred  to  the  Service  lalsimtoricx  for  considera¬ 
tion.” 

M.2  STABILIZATION  OF  FABRICS 

i\ipkki;natkd  by  solution 

PHOCKSS  «»•"<*•**” 

Fabrics  im|m<gnatc*l  with  v,V-2  without  any  sta- 
biliirr  hist  practically  all  tltrir  tensile  strength  when 
stored  in  a  simulated  tropical  storage  nsmi  (IOC 
am!  85  per  rent  Ull)  after  a  period  of  3  months. 
Umler  tlie  conditions  of  storage  in  the  field,  0  33  |>er 
cent  of  tlie  original  tensile  strength  was  retained  after 
storage  for  12  mnnt-lix.  Similarly,  all  the  positive 
ehkirine  was  lost,  in  the  simulated  tropral  storage 
nsirn  during  3  months,  whereas  0  70  per  -ent  was 
retained  in  st<irage  under  field  conditions. 

The  standani  solution  imprrgmition  pnsess  «le- 
vrlnprd  by  UWS  was  niislified  by  dispersing  in  the 
tctnirhlorm-thnnc  solution  of  (’('-2  alsmt  10  pnrls 
of  enlciiim  iiiilsinate  |x*r  100  parts  of  CC-2,  with  a 
suitable  surface  arrive  agent,  soya  lethiein.  The 
etileiiim  earisHiate  concentration  was  adjusted  so 
that  the  clothing  nicked  up  alsmt  20  parts  of  cal¬ 
cium  rarlsmate  per  100  |mrts  of  ( '( '-2.  ,\n  idlertiative 
stabiliser,  *inc  oxhk»,  d*>ve!o|Mi<l  under  tin*  XDIKl 
program,  was  nd'iptcd  by  the  Xavy.  They  used  25 
|«irts  of  line  «ixide  Imsed  upon  (V-2. 

TIk*  pit  si***  was  adopted  for  use  in  the  Zone  of  tlw 
Interior  (Z  ot  I)  UWS  plants  in  iJecemlirr  1913. 
Uhnhing  impregnated  by  the  new  stabilised  solution 
process,  using  calcium  earlsmate,  retained  It)  jmr 
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rent  of  it*  tensile  strength  after  storage  for  0  month* 
in  simulated  tropical  storage.  After  3  months,  57  per 
cent  of  the  active  chlorine  was  retained,  an<l,  after 
0  month*,  27  per  cent.  <  h-er  50  |>cr  cent  of  tlie  tensile 
strength  and  90  per  cent  of  the  active  chlorine  tvn* 
retained  hy  Impregnated  fabrics  stored  in  the  fiehl 
for  12  month*.  The  result*  with  sine  oxide  were  sig- 
nifieantly  lietter,  tin*  retention  of  tensile  strength  lin¬ 
ing  80  and  70  per  cent,  and  of  active  chlorine  00  and 
-13  per  rent,  after  storage  for  3  and  0  months,  re¬ 
spectively.'* 


26..1  AQUEOUS  SUSPENSION  PROCESS 
FOR  IMPREGNATING  CLOTHING 
IN  T  OE  O  PLANTS'* 


Tlie  Navy  also  adopted  the  process,  with  formula 
chang*  to  meet  their  condition*;*  In  the  formula 
used  hy  tlie  Navy,  the  «inc  oxide  was  increased  to 
25  parts  per  100  parts  of  (’( -2.  Tin*  polyvinyl  alcohol 
was  decreased  to  3.75  part*  with  0.75  |mrt  of  Daxnil- 
II,  0.15  part  of  Duponol  ME  and  11  part*  of  dis¬ 
persible  color.  Daxad-I  I  or  Tamol  NNO  j*  naphtha¬ 
lene  formaldehyde  sodium  sulfonate,  and  I)u|m>iioI 
ME  is  a  technical  grade  of  stslium  lauryl  sulfate. 

Fabrics  stahilixcd  with  sine  oxide  (lOpcrccnt)  ami 
impregnated  by  tlie  aqueous  process  retained  91  |ier 
cent  of  their  tensile  strength  and  (Ml  per  cent  of  their 
active  chlorine  after  storage  for  3  months  in  simu¬ 
lated  tropical  storage.  The  eorres|smding  figure*  for 


Tlie  aqueous  process  is  advantageous,  as  compared 
with  tlie  solvent  prices*,  for  several  reastsis.  There 
is  a  reduced  requirement  for  priKMiremcnt  and  trans¬ 
port  of  materials,  since  water  locally  available  is  used 
•nstcad  of  the  organic  solvent,  tetmehtons>thnne. 
Alssit  50  million  |*mnds  of  the  solvent,  tetmchlom- 
ethane,  would  have  I  icon  required  annually  to  take 
care  of  the  hm*  of  solvent  incidental  to  tlie  impreg¬ 
nation  of  tls*  anusint  of  ( '<  ’-2  called  for  annually  in 
tls*  procurement  program.  Tlie  original  requirement 
for  solvent  wisild  have  lieen  much  greater  than  50 
milium  p«*inri*.  Tim  equipment  required  for  the 
water  prise**  could  Im  assembled  ratlier  quickly 
fnsn  standanl  laundry  and  dry  cleaning  machinery 
constructed  of  galvanised  iron  and  steel,  with  wisslen 
tanks.  Tlie  solution  process  is  quite  romisivc  anil, 
therefore,  required  special  equipment  of  strategic 
stainless  steel,  Monel,  and  aluminum,  which  eisdd 
not  have  Iseti  obtained  within  the  time  limits.  Tlie 
water  pnsess  is  additional  advantageous  in  that 
tls*re  is  no  liosanl  to  personnel  from  the  dangcnsisly 
toxic  va|sin«  of  tetmchloniethnne,  and  the  use  of 
water  as  a  medium  mnkes  unnecessary  a  solvent 
recovery  system. 

In  tire  procci*  as  developed,  chloruparafTin  is  emul¬ 
sified  in  a  water  solution  of  polyvinyl  alcohol  by  re¬ 
circulation  through  gear  pump;  micnsiiaisl  ('('-2 
containing  10  per  cent  of  its  weight  of  fine  oxide 
(XX-<’<’-3)  is  similarly  dispersed  in  this  emulsion. 
Tlie  resulting  concentrate  is  diluted  for  impregna¬ 
tion.  Water  dispersible  pigments,  developed  for  tlie 
purpose,  are  added  for  camouflage  purpose*.  The 
proportion  of  ingredients  is  100  part*  XX-CC-3, 
75  ports  chlorinated  paraffin,  5  parts  polyvinyl 
alcohol,  anti  5  parts  dispersible  color. 
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Kiucnr  I.  Field  impregnating  set,  M-l. 


0  months’  storage  are  75  anil  38  per  cent.  The  corre¬ 
sponding  figures  for  pnlrhim  earlsmate  (20  per  cent) 
are  47  and  41  per  cent,  for  3  months,  mid  41  and  10 
per  cent  for  0  months’  storage. 


GROUP  IMPREGNATING  .SETS  FOR 
USE  II Y  TRIM  IPS  IN  FIELD 


26.1.1  M-l  Field  Impregnation  Set 
Tlie  development  of  a  process  for  impregnation 
using  water  instead  of  an  organic  solvent  made  po*- 
sible  a  pns<ess  for  impn^intion  of  clothing  by  small 
groups  in  tlie  fiehl  (Figure  I).  All  material*  and 
equipment  ate  contained  in  a  plyw'ssl  In.\  weighing 
HO  issinds,  and  ts'cupying  13.5  X  13.5  X  28  inches, 
or  2.9  cul>ic  feet.  The  set  provides  for  the  impreg¬ 
nation  of  the  protective  clothing  for  25  30  men  at 
the  slant  lard  loading  of  0.5  mg  of  active  chlorine  |**r 
square  centimeter  of  fabric.  The  mixing  bulk  is  a 
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3.M  rut  tutpomm  w  stwcs 

MTO  9 LUTS  Ik  TMt  Wt«l*M  MO 


TO  OWOJtCW'TXIUMKKtDSTMO. 


TO  MIX 

Impnrtanl:  IV  entire  content*  i>f  encli  tstrkiiKc. 

IV  msrfcrri  pnntafner  for  mcwoumiR  water.  Fartc*  imirt 

I  it  tliirk  III  Htcfi*  H  nml  C. 

A.  A»*rml4c  (mikUr  ami  mnvn*  mlxliiR  bucket  s*  lllns*  - 
tnitnl.  Empty  In  FneknRc  No.  I  fir*.  Then 
»t>rinkk>  In  Facktifir  No.  2.  Mix  the  dry  jiowilen*  l*y 
rtirrlm  briskly  for  two  (2)  minute*. 

II.  Aikl  two(2)*m(i//  mcieuirc*  of  wnler.  Stir  briskly  for 
1.1  mlmiteM  until  nil  lnm|i*  are  Rime. 

(’.  Ailil  entire  rontenl* of  FarksRe  No.  3.  Stir  tlie  ililek 
parte  briskly  for  20  minute*. 

1).  Kill  the  Inrgr  measure  with  water  ami  aikl  ptickaRc 
No.  4.  Stir  until  lum|«  are  Rime,  ailil  tin*  mixture 
xlowly  to  tliiek  jiuslc  In  tin*  ennva*  mlxliiR  Imeket 
whik>  xtirriiiR  briskly.  Stir  in  three  mhlitioual  foiyr 
meamire*  of  water. 

Imp urinal;  Keep  rtlrreil  ami  live  at  mire. 

to  hip  cujtiikm 

fmiHirfant:  Sink  InrRr  |>ieer*  of  rhithinR  fir*t,  ami  umlemhirt*, 

*oek*.  nml  Rlove*  Inal.  Alwny* *tii*  licforc  ili|ipinR elotlie*, 

1  — Souk  nml  squeexc  elotlie*  in  tla<  mixture  until  wet 

tliroiiRh  nml  thnaiRh. 

2  —  WrinR  liRlitly  over  n.  J  into  mixinR  Inir.  Do  mit 

warte  material  mi  tlie  Rnmml.  IVHiir  ju*t  enmiRh 

to  prevent  «lri|»)>iiiK. 

3  —  IlnnR  up  to  dry  on  clothesline  or  laialie*,  anuaithinR 

mil  wrinkle*.  Avoid  xnnliRht  if  pmwilile. 

4  — Smooth  out  xpotx  with  luiml  or  lirusli  wliih*  clothe* 

are  wet. 


Kioi'm;  2.  Inxtmrtion*  for  u«c  of  field  impieRuntinR  net.  M*l. 


/■  ■ 


collapsible  cnnvitM  bucket,  tho  agitator  a  two-piece 
wooden  paddle.  Tlie  wider  reqttin>menl  of  nlnnit 
23  Rations  is  measured  in  tlie  top  untJ  luittom  |>or- 
tiona  of  tlte  drum  used  for  stomRc  nnd  tmnsport  of 
the  (V-2.  Tlie  Imix  eontnins  the  nx|ttinx|  material  in 
four  poekaRos,  i.e.,  the  micmniacd  f'('-2  with  sine 
oxide,  the  polyvinyl  nleohol-Duponol  mixture,  the 
rhlorinnted  paniffin,  tie',  tlie  water-dispcndldc  eolor. 
The  formula  used  is  110  parts  XX-<V-3,  75  parts 
polyvinyl  aleoliol,  0.5  part  Dttpotiol  MK,  3  parts 
disjiersihle  polar.  The  XX-CC-3  and  polyvinyl 
aleoliol-Duismol  are  mixed  dry,  A  meastinxl  qtuui- 
tity  of  water  is  added  and  tlie  mixture  converted  to 
n  thick  |m*te  oy  stirring.  The  ehlonijmmflin  isadiletl 
and  emulrtlled  l»y  mixitiR  "Mb  tlie  »hiek  paste.  Tlie 
rnnuHiflaRc  pigment  is  dis,s*rse<l  in  water  and  the 
paste  diluted  to  the  concentration  desired  for  im- 
prrRtiation.  The  Rarments  an*  immersed,  squeezed 
until  dri|»-fnx-,  anti  litniR  tip  in  the  air  to  dry  ( FiR- 
ttre  2). 

Tim  ppsx«ss  i*  simple  anti  has  lnv:t  nqtentedlv 
opciatcd  stieeessfttlly  l»y  totally  iwx|>cricnced  per- 


sontM'l.  Approximately  2tNI,(NNI  M-l  field  Imprcgnnf- 
inR  sets  were  pmeured  late  in  1043.  anti  have  lieen 
stocked  for  Army,  Navy,  anti  Marine  f’tirps  per¬ 
sonnel* 

26.1.2  l.ighiwright  Simplified  Field 
SetWK” 

An  improvement  in  tlie  M-l  Heltl  imprcRtintion 
set,  ea!letl  tlte  lightweight  simplified  field  set, '  has 
tieen  tlevelii|ietl.  Tlie  set  Is  10  per  rent  liRhter  anti 
50  |ier  cent  smtdler  tluui  tlie  AM.  MakitiR  tip  the 
liatli  for  impregnatin'-  is  simpler  tuul  more  rapid 
than  in  flu  ease  of  tin*  M-l. 

In  the  simplified  set,  all  tlie  inRredi«nts  are  mixed 
together  with  a  meastinxl  volume  of  water  in  a  can¬ 
vas  Ism,  mixtxl  to  a  |>astc,  and  dilutixl  to  impregnate 
inR  concentmtion.  'Hie  time  retptinxl  is  nxltuxxl  in 
the  situplifiixi  set  to  25  minutes  as  coinparcxl  with 
I  lumr  for  the  M-l.  The  eoin|Misition  of  llte  set  is 
100  {tarts  of  mi.  rotiiwxl  {*(*-2  (i.e.,  XX-fC-2),  25 
parts  '•hlonipurafiin,  10  parts  ArcsklenMOO,  and 
0  |sirt*  dispersible  color.  Tlie  siRiiiiietnil  cltniiRcs  in 
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composition  from  tlw*  M-l  not  is  that  ohloretparnffin 
in  reduced  from  75  tr  25  ports,  the  polyvinyl  alcohol 
is  replaced  with  Artskleno-tOO,  nml  *Ik»  ietaltili»’r  for 
the  falsie  («inc  oxide)  is  omitted.  Tlie  Htnlsfianr  is 
omitted  since  the  impregnated  clothing  would  not  lie 
stoml,  nml  the  omisxieSi  makes  possible  not  only  n 
reduction  in  weight  of  material*  transported,  hut 
wlso,  more  important,  n  somewhat  increased  stability 
of  the  impregnite  on  tlie  fabric. 

The  tests  cwrird  (Hit  under  the  direction  of  the 
Naval  Research  Lalxsutesy  and  tlie  Marines  have 
indicated  that  the  simplified  set  meets  their  require* 
meats.*' 
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Khichr  3.  Hrintcl  imimgtmtinst  sc*. 

2*3  INDIVIIH’M.  HKLMF.T 

IMFRKUNVTINU  SKT  FOR  ISK  BY 
TROOPS  IN  FIKI.I) ***** 

A  isickoge,  formula,  and  pnsess  for  use  in  indi¬ 
vidual  impregnation  of  clothing  has  lioon  developed 
(Figure  3).  Tlie  composition  is  1 10  parts  of  XX-< '(  -2, 
25  (Hirts  chloroparaffin,  10  p-rts  Are.- 'lone4- 100,  and 
<>  parts  dispersible  color,  '•fie  fKickogc  is  l.75x 
3x3  incites  in  dimension,  mid  weighs  0.13  |iound. 
The  XX-CC-3  is  placed  in  a  lacquer-lined  steel  can, 
the  |Mirts  of  which  se*ve  for  measuring  the  water. 
Tlie  chloroparaffin  and  Arrsldene  an4  contained  in 
scaled  lead  tulics  cmlxdeled  in  the  miemniwd  CC-2 
(XX-t  *(  '-2).  Tlie  instructions  are  printed  on  the  out¬ 
side  of  the  container  and  state  that  the  contents  of 
the  tills  s  and  the  XX-(’<‘-2  an*  to  Is*  dump'd  into 
the  helmet,  using  a  measured  volume  of  water.  After 
a  mixing  by  hand,  water  is  added,  and  the  impregna¬ 
tion  is  carried  out  by  immersing  the  garment,  part  by 
|«irt,  in  the  helmet  and  wringing. 

The  set  is  attractive  Ixvause  ot  ease  of  transport, 
by  air  or  otherwise,  and  is’enuse  of  the  simplicity  of 


operation,  permitting  it  to  lie  used  by  untrained 
troops  in  whatever  numlier  may  Is*  desired.  The  set 
has  iieen  tested  by  representative*  of  troth  the  Army 
and  Navy  with  renpeet  to  make-up  and  protection  in 
a  toxic  chandler,  and  apjiears  to  lie  satisfactory.*5 

26.6  M.TKRNATK  sr\Utl.t/.KRS.  HI  NDF.HS. 

\NII  \C.KNTS  FOR  UJUKOI’S- 
sispknsion  i»r<h:kss» 

Results  have  Issm  obtained  which  indicate  that 
the  nqticiHis  MUS|M>nsion  presas*  used  in  the  T  of  O 
npiipment  may  in4  advantageously  modified  in  cer¬ 
tain  respects.  There  is  some  evidence  that  calcium 
cnrlHinutr  is  to  !m4  preferred  to  tine  oxide  us  n  stnhi* 
liter  for  fabrics  in  I  lie  impregnation  pnsxKH.  Calcium 
earlssinte  is  apparently  somewhat  lew  effective  than 
tine  oxide  in  preventing  tendering  of  tlie  fabric,  if  it 
is  used  in  the  same  concentration  ns  is  tine  oxide. 
However,  wlten  used  in  somewhat-  higher  amounts, 
r.g.,  20  parts  of  eaieium  carisinnfo  per  100  parts  of 
CC-2,  it  is  equally  effective.  •*•*'  Tlie  presumed  nd- 
viuite.qi4  of  calrion)  eurlxinute  is  that  clothing  entry- 
ing  t-lii.;  stabilisrr  causes  s,snewlm*.  less  irritation 
wlsti  worn  under  tmpieid  conditions  than  clothing 
earn  ing  tine  oxide.1* 

The  addition  of  tine  oxide  or  eaieium  earixmate  in 
tlie  impregnation  presxss  un(|iiesti(mab]y  increases 
t.ie  life  of  tlie  garments,  partii  ularly  if  they  are  stored 
••nder  tmpiral  conditions.'-****'  However,  althisigh 
tin*  staliilitera  are  effeetbe  in  extending  the  life  of 
tlie  fabric,  they  reduce  the  life  of  tlie  impregnite  on 
tin4  falsie  during  wear.****  It  appears  tlwt  the  omis¬ 
sion  of  tlie  fabric  stabiliter  would  Is4  advantageous  in 
actual  field  impregnation  when  no  lothing  storage  is 
involved.  Tlierr  is  strong  evidence  that  loss  in  posi¬ 
tive  chlorine  is  somewhat  less  rapid  wlien  no  fabric 
stabiliser  is  present. 

Kxtensive  tests  have  indicated  that  the  amount  of 
clitoro|Nimffin  used  in  the  standard  impregnation 
processes  ciui  Is*  reduced  to  esie-lhird  of  that  now 
r- -commended  wit-liout  any  disadvantage,'*10  Tests 
at  the  Naval  Research  Isilxiratory  have  cesifirmed 
this  conclusion,  and  the  Navy  has  adopted,  the  use  of 
35  parts  of  chloro|Kirafftn  instead  of  the  75  ports  |s>r 
ItK)  parts  of  CC-2  hitherto  used  by  the  Army  and 
the  Niuy.*" 

Attempts  have  I  sen  made  to  develop  alternative 
ag»vnts  in  seeking  |x»ssible  improvements,  as  well  as 
to  gtiard  ngainst  |xissib,V  failure  in  the  supply  of 
chlompumffin,  polyvinyl  ate’ohol,  and  ( ’( '-2.  Several 
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grade*  of  mineral  oil  have  lircn  found' tn  lie  cquiva- 
lent  to  rhloropamlfin  in  landing  action  and,  in  an  me 
cane*,  the  fabric*  *o  impregnated  showed  a  superior 
laundering  resistance  to  tho*e  carrying  chloropar- 
aflin.  However,  tlie  advantage*  demonstrated  do  not 
indicate  that  chlomptiraftin  should  lie  replaced  a*  the 
standard  binding  agent. 11,1 

Methoecl  (mcthylccllulosc)  ami  Amsklene-400 
(dibntyhhcnylphonol  sodium  di*ulf<mato)  appear  to 
lie  applicable  to  the  T  of  O  aqueous  process,  Imt  they 
offer  no  apparent  advantage  and  are  somewhat  mom 
difficult  to  control  in  the  plant  pmccs*.***  Amsklenc- 
400,  however,  appear*  to  lie  more  *ati*factory  a*  a 
nurfncc  active  agent  for*u*e  in  field  act*,  and  i*  reeom- 
mended  for  u*e  in  the  *imple  lightweight  field  *et  re¬ 
ferred  to  al*ive.  Methoecl  might  al*o  lie  u*ed  for  thi* 
purpoKc,  but  a  granular  form  of  thi*  agent,  such  a* 
mu*t.  lie  need  in  tlie  field  net  wlierc  rapiil  dilution  i* 
c**cntial,  wa*  not  commercially  availnlde  in  1015. 

In  1942  especially,  a  great  deal  of  attention  wa* 
given  to  the  evaluation  and  development  of  processes 
for  utilising  impregnate*  other  than  CC-2,1***  Tlie 
rea*on*  tor  thi*  attention  have  lieett  di*cu**ed  in 
Home  detail  in  Chapter  21.  The  objective*  sought  in 
new  impregnite*  were  to  obtain  a  eluiiper  and  a 
mote  available  compound  than  CC-2:  t-»  pmvidi> 
against  a  pomilde  inadequate  supply  of  CC-2  or  tin* 
discovery  of  some  such  fatal  weakness  n*  ..-a*  fimnd 
in  1011  for  the  standard  British  Impregnite  K;°  * 
or  to  obtain  an  impregnite  which  wa*  k**«  active 
than  CC-2  in  liringing  mssit  a  tendering  of  tlie 
fabric,  or  which  offered  a  greater  or  more  permanent 
protection  after  impregnation.  Agent*  were  also 
sought,  such  ns  8-439,  which  would  offer  protection 
against  nitrogen  mustard*  a*  well  ns  against  II.  In 
the  end,  none  of  th«*  imp.l'gnites  to  which  attention 
was  given  (i.e.,  8-328,  8- HU,  8-210,  mid  8-330) 
proved  to  have  any  significant  advantage  ove  **C-2; 
moreover,  tlie  improvement  in  tlie  process  and  qual¬ 
ity  of  CC-2,  ami  the  ntiscnce  of  gas  warfare,  made 
the  results  of  the  investigation  of  these  impregnite* 
appear  to  lie  of  only  historical  interest. 

26  -  1MPRKCN  \TIN<;  8YSTKM8  RECOM¬ 
MENDED  FOR  FURTHER  EVXLUVHON 

When  hostilities  closed  in  Augtist  1913,  several 
miMlifieatioiis  of  the  standard  impregnating  proeesses 
hail  ls*cn  indieated  by  the  results  of  research  and 
tests  already  carried  out,  ‘Hie  representatives  of 
NTritC  at  that  time  suggested  that  six  different  sys¬ 


tem*  lie  more  thonmghly  evaluated  ami  compared-  in 
troop  wearing  trial*  ami  in  chamtier  performance, 
with  the  objective*  of  ascertaining  possible  lutvan- 
tages  in  lowered  irritation  and  longer  or  more  com¬ 
plete  protection.  Those  test*  should  lie  mode  under 
hot  amt  humid  condition*  with  ttoop*  living  under 
field  comlwt  conditions.  For  rtv.*on*  indicated  in  an-, 
other  section  of  this  summary  (Chapter  30),  all  gar¬ 
ments  should  lie  mode  from  one  uniform  lot  of  fabric, 
so  that  unequivocal  conclusions  may  lie  drawn  from 
the  results  of  tlie  test.  Clothing  impregnated  by  tlie 
following  pnresses  is  suggested  for  the  tests: 

1.  CC-2  Zn()/CP  PVA  KM  10/75/5  -Stand- 
an!  aqueous  system 

2.  CC-2  CaC<VCP  100  20  75  — TCH  stabi- 
liacd  solvent  system 

3.  (  X  ’-2  <  *P/no  staliitiier  100  75  0  —  T(  ?B  sol¬ 
vent  system  (1941) 

1.  CC-2/(  'P/PVA/no  staliiliier  I  (M/25/3  » 

5.  CC-2/CP/Atesklene/nostal»ili»er  100/25/10/0 

«  CC-2  CnCtVCP  Pt’A  KM/20/25/5 

Tlie  group  of  six  processes  includes  fabrics  impreg¬ 
nated  by  tlie  three  standard  systems  for  purposes  of 
comparison  with  thrre  newer  systems.  The  result*  of 
the  tests  wiNitri*how:thf  effect  of  omitting  the  stabi¬ 
liser  for  tlie  fabric  or  of  reducing  tlie  chlompamnin 
from  75  to  25  imrts  per  100  part*  of  CC-2;  tlie  effect 
of  Arrsklcnc-ttMn*  computed  with  poly vinyl  alcohol 
as  an  emulsifying  and  dis|iersing  agent;  and  tiie  rela¬ 
tive  merits,  ns  judged  by  irritiuicy,  of  calcium  ear- 
Isinate  and  sine  oxide  ns  stabilisers  for  the  fabric. 
The  rcsultsof  the  tests  would  also  establish  flic  length 
of  time  licforr  reimprcgnntion  of  fabrics,  originally 
impregnateil  t»>  different  processes  ami  e<»m|sisi*iiHis, 
iseomes  niMi'ssmy.  Some  of  the  questions  refernsl  to 
just  alsive  hn\e  lieen  answered  to  the  satisfaction  of 
representatives  of  one  Service,  Imt  not  of  the  other. 
Tlie  results  of  such  wearing  trials,  under  realistic  con¬ 
ditions,  would  serve  to  confirm  or  reject  tentative 
conclusions  resulting  from  extensive  lalsmitory 
research 

26.lt  UNSOLVED  PROBLEMS 

Fabrics  impregnated  with  CC-2  more  or  less  rap- 
idly  lose  their  content  of  the  active  agent,  i.e.,  jsisi* 
tive  chlorine,  during  storage  ami  wear.  Under  the 
very  seven*  conditions  of  weir  in  the  tnipics,  the  im¬ 
pregnated  fabrics  am  perhaps  not.  sufficiently  pro- 
tn  tive  f«r  mom  than  a  week  after  impmgnation.*"  H 
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TheextensMinof  theeffectivelife  of  the  impregnite 
upon  tf«e  fabric  in  perhaps  the  nwmt  serious  unsolved 
pm! (torn  in  connection  with  protective  fabrics  carry* 
ing  :t  chlommidc  for  protection  against  II.  Tliit«  prol>- 
k>m  i«  intimately  connected  with  another,  i.o.,  the 
*rk>et}on  of  fabric*  which  will  allow  tlie  maximum 
life  of  the  impregnite.  Experience  ha*  shown  that 
then’  i*  a  great  variation  in  the  length  of  life  of  tlie 
impregnite,  depending  upon  the  pmee**  to  which  tint 
fabric  ha*  lieen  subjected  prior  to  impregnation.**  ** 
At  the  time  when  the  chief  problem  appeared  to  lie 
the  preservation  of  the  tensile  strength  of  the  fabric 
during  *tomgc,  fabric*  from  certain  mill*  were  se¬ 
lected  m«  the  l***t  for  impregnation.  Thi*  waf  done 
after  exten*ive  survey*  of  lubric  sample*  from  all 
pn*lucor*of  hcrringl*me  twill  had  apparently  shown 
that  lightly  pns’essed  textile  fabrics  retained  their 
tensile  strength  I  letter  and  longer  than  did  more  com¬ 
pletely  prorttwed  fabric*.  However,  thi*  selection 
wo*  made  upon  the  Imsi*  of  impregnation  with  an 
unMabiluetl  solution  system,  il*  used  in  10 1 1,  Imt  no 
longer  used  by  either  of  the  Service*. Intnsiuction 
of  calcium  cnrlsmnte  or  cine  oxide  ns  a  stabilising 
agent  practically  eliminated  thi*  difference  in  tensile 
strength  lietween  fabric*  of  different  sources.  Iliwit 
survey*  have  shown  that  certain  more  completely 
pris-essed  textile  fabrics,  impregnated  bv  tlie  stabi¬ 
lised  aqueous  system,  retained  their  chlorine  much 
iietter  tlwn  did  stime  of  the  lightly  processed  fabrics 
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just  referred  to.1*  It  is  clear  that  any  worth-while 
studies,  looking  towards  the  prolongation  of  im- 
pregnite  life  of  a  fabric,  must  start  with  and  lie 
Imsed  upon  fabrics  of  uniform  and  reproducible 
characteristics. 

Patch  wearing  tests  suggest  that  the  use  of  sine 
oxide  or  calcium  cnriionntc  in  the  aqueous  system  re¬ 
duced  chlorine  retention  during  wear  by  alsiut  20  tier 
cent,  so  that  it  ap|icars  that,  wliere  garments  are  not 
to  lie  ston'd,  the  stabiliser  for  the  fabric  should  lie 
omitted.0  This  lead  has  lieen  followed  in  the  formula 
recommended  for  the  simplified  lightweight  field  sot 
and  the  helmet  set.  Patch  wearing  testa  have  indi¬ 
cated  that  tlie  efTeet  of  the  stabiliser,  at  least  in  the 
aqueous  process,  run  tie  minimised  by  adding  an 
acidic  agent,  like  alum,  to  the  impregnating  system.10 
Tlie  validity  of  patch  wearing  tests  as  a  guide  to  re¬ 
search  has  not  yet  lieen  established  by  a  close  corre¬ 
lation  with  the  results  of  sufficiently  controlled  troop 
wixiring  ti'st*.*1  It  appears  that  a  fruitful  npprotu'h 
to  tlu  problem  of  increasing  tlie  life  of  the  impregnite 
on  the  fabric  depend*  upon  carefully  planned  wearing 
tests  carried  out  under  realistic  conditions.  It  is  es¬ 
sential  in  such  studies,  if  useful  results  an*  to  Is*  oli- 
tinned,  that  the  fabric  variable  lie  held  constant. 
Lack  of  control  of  the  fabric  variable,  unavoidable 
at  the  time,  is  a  weakness  which  may  vitiate  tlie  re¬ 
sults  of  previous  wearing  trials  in  which  chlorine 
retention  was  determined. 
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PREPARATION  OF  CARBON.TREATED  FABRICS 

By  Homer  Aitkin*  ami  Wilkin*  time 


27.1  INTRODUCTION 

Ton  ixvKaTMiATfojf  of  motfuxls  of  incorporating 
activated  earlxm  intoeof  ton  fabrics  wan  prompted 
by  knowledge  (tint  tin*  British  Imd  tlevcloprd  a  pvtx*- 
n*  for  the  pwpnmtion  of  carfxm-eontnining  fabrics 
which  used  mltl tor  latex  as  the  landing  agent,  ami 
that  they  urn  studying  this  pmnw  in  1941  on  a 
plnnt  smlc.****  In  thin  country,  three  fundamentally 
different  npnnxtclx’s  to  tlic  pnihlem  worn  developed. 
Tlx*  first  involves  impregnating  pierc  gixxls  or  the 
finislxxl  garments  with  activated  earlMm  dispersed 
in  a  suitnlde  medium.  Hie  second  involves  applying 
(he  aethated  earlxm  to  the  piece  gixxls  by  a  coating 
process  using  viscose  as  a  landing  agent.  The  third 
involves  incorporating  the  activated  carlam  into  vis¬ 
cose  rayon  yam  during  tlie  preparation  of  the  yam 
ami  prior  to  the  weaving  of  the  fulxir.  AH  three 
processes  are  suitalde  for  the  preparation  of  cnrixxi 
garments  on  a  huge  scale,  and  each  has  certain  ad¬ 
vantages  ami  limitations.  The  first  prises*,  as  ap¬ 
plied  to  garments,  was  not  developed  until  shortly 
lx*fore  the  end  of  hostilities  and  hence  has  Ixm  very 
inadequately  studied;  it  appears  to  lx*  an  excellent 
metlMxl  for  applying  activated  carlam  to  falwies 
which  am  in  tlx*  fonn  of  garments.  !;huit  mctlxxl* 
fix*  tlx*  impmgnntion  of  cotton  piece  gixxls  with 
artivuted  earlxm  are  less  desirahle  than  tlx*  second 
nx'tlxsl  involving  the  ixxiting  of  the  fahric.  The 
second  process  is  technica^y  suitable  for  the  applica¬ 
tion  of  activated  c.irism  to  a  hirge  fraction  id  the 
<“otton  twill  fabric  procured  for  ixib*r  garments.  Tlx* 
treated  fnltric  is  of  high  quality,  and  tlx*  pnxs^sing 
cost  is  low.  Tlx*  third  prist***  enabh>s  a  larger  mm  suit, 
of  earlxm  to  lx*  in<*»r|x>rnt<"!  jx>r  unit  aren  of  falirie. 
Tlx*  fabrics  have  relatively  gtxsl  textile  properties 
(color,  hand,  dmpe,  etc.)  hit.  are  mom  expensive  to 
prepare  and  do  not  wear  so  well  ns  standard  un¬ 
treated  cotton  twills. 

Curls  hi  fabrics*  are  expected  to  lx>  of  increasing 
importance  in  providing  protecti«m  against  chemical 
warfare  agents  Ixstiii**  (I)  |>mtecti«m  is  provok'd 
against  all  tyix's  of  vesicants  instead  of  I  icing  specific 

•Hy  ‘‘caHsia"  f.-ttiric*  nr  rimstit*  is  meant  “"arlsm- 
tmitisl"  fnltrirx  nr 


for  those  agents  which  arc  destroyed  by  tlx*  chlomm- 
xle  type  of  impregnlte,  (2)  the  protection  provided 
ngninst.  II  [6t#(/S-chlonx>t!iyl)  sulfide]  la  of  a  similar 
onler  to  that  pmvitk*d  by  i‘hlommidedmpn*gnutetl 
ehttitlng,  01)  tlx*  protection  provided  against  viqxtrs 
of  IIXl  [ethyl  AMf/hddonx'thyl (amine]  and  11X3 
[hodd-chhawthyl )amine]  is  su|x*rior  to  that  pro- 
vitled  by  ehloramide-impregimted  elotliing,  ami  (I)  In 
the  future,  It  may  lx*  economically  and  technically 
more  fcasiltle  to  provide  earlxm  clothing  than 
chlimunxle-treated  clothing. 

2T.2  (’HOICK  OF  MATKRIALS 

27.2.1  Adsorbents 

Activated  rnrlxm  is  the  only  adsorlxmt  which  hox 
lx>en  used  in  tlx?  work  carried  isit  in  this  cimntry. 
Preliminary  studies  rnrried  ixit  hy  the  British  haw 
shown  that  certain  inorganic  sulfides  strongly  adsorb 
1 1,  even  from  organie  solvents.*1  These  might  lx*  given 
serious  consideration  in  future  rcsearrh  work.  Their 
work  has  shown  siliea  gel  and  adsorlxmt  alumina  to 
lx*  inferior  to  activated  earlxm.** 

Tlx*  protective  projx'rtics  of  falwics  containing 
aidivatcd  earlxm  am  dependent  «m  tlx*  mlsorptive 
putpcrtiesid  the  activated  earlxm  in  tlx*  fabric,  which 
in  turn  aw  flepemhmt  on  tlx*  mctlxxl  by  which  tlx? 
activated  earlxm  Is  pmpamd."  Tlx*  adsorptive  ca¬ 
pacity  effective  umler  conditions  of  use  is  only  a 
small  percentage  ed  the  tola!  adsorptive  ca|xu*ity  and 
is  not  neeessnrily  a  functi.Hi  of  tlx*  latter.  It  Is  be¬ 
lieved  tlx*  geometrical  nrmngement  of  tlx*  earlxm 
surface  within  tlx*  earlxxi  |xirticlc  is  of  ixxislderahle 
importance.  Tlx*  earlxm  particle*  consist  of  a  net  work 
of  large  macroporcs  thnxiglt  which  all  gases  can  dif- 
fuse,  microporrs  opening  into  the  murriqMtn**,  ami 
sulHniempom.i  o)x*ning  into  tlx*  niiero|x»re*.  Acti¬ 
vated  eorisHW  prepared  hy  different.  pnsstlmcs  have 
thiir  surface  awas  distributed  dilfemntly  luiumg  tlx* 
various  pines;  for  tliis  reason,  eaeli  gu*  has  a  charac¬ 
teristic  adsorption  i*otls*rm  tor  each  type  of  earlxm, 
tuxl  tlx*  relative  adsorptive  pro|xrt  ies  of  t  wo  different 
earlxm*  may  vury  depending  on  tlx*  inuii.’d  pres-urc 
of  tlx*  adsorlied  gas  at  which  comparisons  an*  made. 
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Tin1  extension  of  the  effective  life  of  the  Imprcgnitc 
upon  tho  fabric  in  pcrlinjix  tlir>  moot  serious  unsolved 
problem  in  connection  with  protective  fabrics  carry¬ 
ing  a  chlnmmido  for  protection  njpunst  II.  This  pml>- 
lem  is  Intimately  connected  witli  Another,  l.e.,  tin* 
selection  of  ful tries  which  will  allow  the  maximum 
life  of  the  impn'gtiitc.  Kxperience  has  shown  tiiat 
tliere  is  a  great  variation  in  the  length  of  life  of  tlie 
Imprcgnitc,  dc|N>ttding  upon  the  proctws  to  wltieh  tlie 
fahrie  lias  lss>n  subjected  prior  to  impregnation.*41* 
At  the  time  when  the  chief  problem  appeared  to  lie 
the  preservation  of  tlie  tensile  strength  of  tlie  fabric 
(luring  storage,  fabrics  from  certain  mills  were  sc* 
Icctcri  as  tlie  ls*st  for  impregnation.  Tliis  was  dime 
after  extensive  surveys  of  fabric  samples  from  all 
pnshieerx  of  lierringlxmo  twill  had  iif>|mrontly  shown 
that  lightly  pns-csscd  textile  fabrics  retained  tlieir 
tensile  strength  licttcr  and  longer  than  did  more  mm* 
pletely  prm'cssed  fabrics.  However,  this  selection 
was  made  upon  the  Imims  of  impregnation  with  an 
unrtnbilizni  solution  system,  ns  used  in  1011,  imt  no 
longer  used  by  either  of  the  Services. introduction 
of  calcium  carlsamte  or  sine  oxide  as  a  stabilising 
agent  practically  eliminated  this  difference  in  tensile 
strength  lietwren  fabrics  of  different  sources.  Recent, 
surveys  have  shown  that  certain  more  completely 
processed  textile  fabrics,  impregnated  by  tlie  stabi- 
liied  iu | neons  system,  retained  their  chlorine  much 
lietier  than  did  some  of  the  lightly  processed  fabrics 


just  referred  to.*  It  is  elixir  that  any  worth-while 
studies,  looking  towards  the  prolongation  of  ini* 
pregnite  life  of  a  fabric,  must  start  with  and  lie 
IxtHcd  upon  fabrics  of  uniform  and  reproducible 
characteristic*. 

Patch  wearing  tests  suggest  that  the  use  of  r.ine 
oxide  or  calcium  curlxmatc  in  the  aqueous  system  re¬ 
duced  chlorine  retention  during  wear  by  alsiut  20  per 
cent,  so  flint  it  apiiears  that,  where  garments  arc  not 
to  Is*  stored,  the  stabiliser  for  tin*  fahrie  should  lie 
omitted*  Tliis  lead  has  lieen  followed  in  the  formula 
rveommonded  for  tlie  simplified  lightweight  field  set 
mid  tlie  helmet  set.  Patch  wearing  tests  have  iudi* 
rated  that  the  effect  of  tlie  stabiliser,  at  least  in  the 
aqueous  process,  can  lie  minimised  by  adding  an 
acidic  agrnt ,  like  alum,  to  the  impregnating  system.*" 
Tlie  validity  of  patch  wearing  tests  as  a  guide  to  n** 
search  has  not  yet  lieen  estalilished  by  a  close  corre¬ 
lation  witli  the  results  of  sufficiently  emit  mill'd  tnsip 
wearing  tests.*  It  apiiears  that  a  fruitful  approach 
to  tin'  problem  of  increasing  tlie  life  of  tlie  imprrgnitc 
on  *be  fabric  depends  upon  carefully  planned  wearing 
tests  carried  out  under  realistic  conditions.  It  is  (**- 
sentiid  in  such  studies,  if  useful  results  are  to  lie  oil* 
tnined,  that  tlie  fabric  variable  iie  held  constant. 
Isick  of  control  of  tlie  fabric  variable,  unavoidable 
at  the  time,  is  a  weakness  which  may  vitiate  the  re¬ 
sults  of  previous  wearing  trials  in  which  chlorine 
retention  was  determined. 
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Chapter  2? 

PREPARATION  OF  CARBON-TREATED  FABRICS 

By  Itnmfr  Adkin*  and  Wilkin*  Rtwe 


27.1  INTRODUCTION 

iik  iWKNTiiuriov  of  mcthixl*  of  lncorp*>rating 
activated  carixin  into*  ott*mfubrie*  was  pnxnpted 
l*y  knowledge  that  the  British  Him!  «h*vcl*iperi  n  prop* 
<•*«  for  the  pn*|inmti«m  of  enrlxm-eontnining  fabrics 
which  used  niblx*r  latex  as  the  binding  agent,  ami 
that  they  woo*  studying  thin  pnx*****  in  104 1  on  a 
plant  wale.*  *  In  thin  country,  three  fundamentally 
different  appnxichcx  to  the  problem  were  develop***!. 
Hie  finct  involves  impregnating  piece  gixxls  or  the 
finislMs!  garments  with  activate*!  carixm  dispersed 
in  a  siiitaMe  medium.  Tlie  second  involves  applying 
tlie  activate*!  carls  si  to  the  piece  goods  by  a  rooting 
process  using  viscose  as  a  binding  agent.  The  thin! 
involves  incorporating  the  activated  carl  ion  into  vis* 
cose  rayon  yam  during  the  preparation  »if  the  yam 
and  j/rior  to  tlie  weaving  of  the  fabric.  All  three 
pmrrssrs  an*  suitable  for  tlie  preparation  of  rnrlion 
garments  on  a  large  settle,  and  each  has  certain  ad* 
vantages  ami  limitathms.  The  first  prex****,  as  ap¬ 
plied  to  garments,  was  not  <teveloped  until  shortly 
lieforr  the  end  *if  hostilities  and  lienee  has  lieen  very 
inade*iiiately  studied:  it  appears  to  lie  an  excellent 
met h«*l  for  applying  activated  carlxm  to  falxrtcx 
which  am  in  tlie  form  of  garments.  Plant  metfxxl* 
for  tin*  impregnation  of  c«itt«m  piece  gixxls  with 
nrtivnte«l  curl sm  me  less  desirable  than  the  second 
meth*sl  involving  tlie  eonting  of  tin*  falirie.  Tlx* 
secoml  pnress  is  technically  suitable  for  tlie  nppliea* 
tiim  of  iu'tivat*<<l  carlxm  to  a  large  fraction  of  tin* 
cotton  twill  falirie  prnetit*-  for  *aiter  garments.  The 
treatnl  falirie  is  of  high  *|iinlity,  and  the  pnxvssing 
east  is  low.  Tlx*  thin!  pnxess  enaliles  a  larger  aimsmt 
«»f  carlxm  to  lx*  incorporated  jx*r  unit  area  of  fabric. 
Tlx*  fabrics  have  relatively  g*xx|  textile  pruperties 
(color,  lumri,  di.i|x%  et«*. )  Isit  are  m**rr  extxmsive  to 
pn*|xirc  ami  do  not  wear  so  well  ns  stamlnnl  un* 
(rented  eott*m  twills. 

('iirlxm  fabrics*  an*  «>x|x>et4s|  to  lx*  of  increasing 
ini|xirtmic(<  in  providing  protection  against  chemical 
warfare  agent*  Imeause  <  1 t  protection  is  provid«<il 
against  all  tyjx*s  of  v**sirant*  instead  of  lx*ing  specific 

•Uy  "csirluHi"  frtlirir*  i.r  garment*  i«  nterwit  “enrtsm- 
immsl”  fuliriiN  hi  garment*. 


fm  those  agents  which  are  destroyed  by  the  clilomm- 
Ide  tyjie  of  impregnite,  (2)  tlx*  protection  provided 
against  II  [btsOJ-ehltKix'ihyl)  sultid**]  is  of  a  similar 
onler  to  tliat  provided  by  ehlommhh>-impn>gnnt<x| 
elotliing,  (.1)  tlx*  protection  provided  against  va|xirs 
of  UNI  [cthyhhmf^hlonmthybnmincl  and  IIXll 
[/r/s(d^*hl*xix“t4iyl)amine3  is  snperi«ir  to  that  pro¬ 
vided  by  ehlonunide-impregnate*l  clothing,  and  (4)  in 
the  future,  it  may  lx*  economically  and  technically 
more  feasible  to  provide  carlxm  clothing  than 
ehhimmitie-treate*!  clothing. 

27.2  CIIOICK  OF  MATKRIALS 

27.2.1  Adsorbent* 

Activate*!  carlxm  is  the  «mly  iid-orlx-nt  wlih'li  has 
lacn  used  in  tlie  work  carried  <stt  in  this  country. 
Preliminary  studies  carried  out  by  tlie  British  Irnve 
shown  Hurt  certain  intxganic  sulfide*  strongly  adsorb 
II,  even  from  organic  solvents.1'  These  might  lx*  given 
seriims  e*msi<lemti*m  in  future  research  work.  Tlieir 
work  has  shown  silica  gel  and  wlsorlxmt  alumina  to 
lx*  inferior  to  activated  carlxm.1* 

Tlx*  protective  properties  <«C  fabric-*  containing 
activated  rnrlxm  an*  de|x*mlenl  «m  tlx*  adsorptive 
protawtie*  of  tlx*  activated  carlxm  in  tlx*  falirie,  which 
in  turn  an*  dcpemlent  cm  tlx*  mcthml  by  which  tlx* 
activated  carlxm  Is  prepared."  Tlx*  adsorptive  ca¬ 
pacity  efTeetive  under  conditions  of  use  is  only  a 
small  percentage  *if  tlx*  total  adsorptive  en|Meit.y  and 
is  mit  necessarily  a  funHicsi  of  (lx*  latter.  It  is  I**- 
lieved  tlx*  geometrical  ammgement  of  tlx*  mrixm 
surface  within  the  carlxm  particle  is  of  considerable 
importance.  The  carlxm  |mrticlcscimsist  of  a  net  work 
of  large*  marro|Mirox  thnsigh  which  all  gases  etui  dif- 
fuse,  micnifxtn**  «i|x*iiing  into  the  mixro|xrtv*,  and 
suli-mfcTcipon**  o|x*ning  into  tlx*  niicni|xm*s.  Acti¬ 
vate*!  carixms  prc*|ian*cl  by  different,  pnsvdun**  have 
tlx*ir  surface  areas  distributed  differently  utn<mg  the 
varitst*  porr*s;  f*ir  this  reason,  each  ga*  ha*  a  «,li;tmc*- 
teristie  adsorption  isotherm  for  <im*Ii  typo  of  earlsm, 
and  tlx*  n’lative  adsorptive  pr*ip**rti«*s«if  two different 
carixms  may  vary  ric|x*mling  «m  tlx*  partial  pressure 
•if  tlm  adsorb'd  ga*  at  which  comparisons  an*  mad*!. 
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Tlie  fiMir  pmwmn  wliirh  have  licen  used  for  the 
preparation  of  activated  earism  on  a  large  swile  for 
use  in  canisters  arc  am  follows: 

1.  Wood  line  chloride  process.  Woim]  in  the  form 
lit  sawdust  in  impregnated  with  line  rhloriilo,  heated, 
and  extruded  tinder  Itlieii  pressure.  TV  votutiliMtinn 
of  the  line  chloride  on  pyrolysis  causts  the  necowry 
pore  structure  to  form  And  also  ActivAtes  the  rnrism. 
This  enristn  was  pnsluee<i  by  the  National  (’arism 
Company  and  is  known  ns  National  enristn. 

2.  (’arismisutiim  of  ront.  Piilvori*nl  cool  is  car* 
Istniacd  in  retorts  and  activated  with  steam.  TV 
activated  enristn  so  produced  is  rhAmcteriscri  Ity  a 
Illicit  density  and  a  relatively  high  (21)  per  cent )  ash 
content.  This  enristn  was  produced  by  the  Pitts* 
Itunrh  Coke  *  Chemical  Company  and  is  known  as 
P(*C  (or  ITT  from  an  earlier  name  of  the  company) 
activated  enristn. 

3.  Curiatnimtion  of  sawdust  briquettes.  Tlie  saw¬ 
dust  is  treated  with  pitch  and  formed  into  liriipteMes. 
TlHne  are  carismiaisl  under  pn*i*mre  and  tlie  result¬ 
ing  carisHi  activated  with  steam.  This  pnsvss  was 
employed  by  tlie  (’rown-ZcHcrisich  Company,  and 
the  material  is  known  as  Carlisle  enristn. 

4.  Cnristnisnthiii  ot  nut  hulls.  Nut  hulls  fn*m  a 
variety  of  nuts  arr  carismiirri  and  tlie  enristn  acti¬ 
vated  with  steam.  Tlie  final  pnsluct  is  not  so  uniform 
as  the  caristns  descrilssl  tilsive  Issmuse  of  the  non- 
uniformity  of  starting  materials.  This  enristn  was 
made  by  tlie  Hnmehv-Clicney  Company  anil  is 
known  as  Hamcby-(  Tieney  earism. 

For  use  in  canisters,  the  nlstve  types  of  enristn  an* 
“wlietk'iinsl”  with  certain  heavy  metal  salts  to  in- 
crensethe  protection  provided  against  certain  non|s»r* 
slstcnt  chemical  warfat  agents;  however,  wlietk'riacd 
earism  was  not  used  in  the  protective  clothing  work 
inasmuch  ns  none  of  the  noii|STsistcnt  agents  are 
viwieont*.  Sims*  unwlr1. Merited  National  inrism  had  a 
larger  surfaci*  area  than  the  other  unwlietlcriwsl 
ctirisms  but  was  line  satisfactory  after  whet ’. dilation 
than  the  others,  it  was  more  availnltle  and  appeared 
to  Is*  mom  suitable  for  the  protective  clothing  work 
than  the  other  type*.  Nearly  all  experimental  work 
was  carried  out  with  two  different  lots  of  this  ma¬ 
terial  (hie  was  known  to  Division  f)  investigators  as 
N-ll  and  represented  the  material  prislitfcd  in  tlie 
Clsmiieal  Warfare  Hcrvico’s  [CWS]  plant,  Kostona, 
i*liio,  from  tin*  summer  of  1012  until  the  summer  of 
MM3.  The  otls*r,  designated  N-IS2,  was  pnslueeii  at 
the  same  plant  from  January  to  March  1014, 

Aetivafeil  utiwhetleriml  National  earism  as  pro¬ 


duced  for  eventual  use  in  eiuiisters  has  a  particle 
siie  mnge  of  12  30  mi<sh.  The  grinding  of  this  ma¬ 
terial  is  difficult  ls’cause  of  tlie  hardness  of  the  ear¬ 
ism.  The  material  ran  lie  "mirronited’*  with  steam 
to  an  average  particle  site  of  3  5  *,*  or  it  can  Is* 
hammer-milled  and  air-classified  so  that  tlie  (sirtlcle 
siae  mnge  is  approximately  10  30  it.1  It  has  lieen  olv 
servixi  that  tlie  PC(*  earism  is  tist  hard  to  Is*  suc¬ 
cessfully  tiammer-milleii  without  undue  wear  on  the 
grinding  equipment.  Other  types  of  equipment,  such 
as  Raymond  mills,  have  not  (icon  invest  igatisl  but 
shtsiid  lie  suitable  for  the  grinding  of  all  types  of 
earism. 

27.2.2  Binders 

A  lander  must  la*  used  to  make  the  activated  ear¬ 
ism  ailliere  to  the  fabrir.  In  tin*  ease  of  the  synthetic 
filrnrs  containing  activated  earism,  the  tils*r  itself 
acts  as  tlie  binder.  Tlie  binder  must  hold  the  earism 
sufficiently  firmly  so  Unit  rns'king  (rulthing  off  of 
ctirlsm)  does  not  «s*cur,  and  must  not  seriously  do- 
crease  tlie  adsorptive  capacities  of  the  activat<*d 
earism.  Tlie  following  types  of  liindcrs  have  ls*en 
tried. 

1.  I(ubls*r  latex.  Natural  mlila*r  latex  was  used  by 
tin*  British ”  ■**•**  for  tlie  impregnation  of  wisilen 
gi'rments.  Synthetic  latexes  have  also  ls*eii  investi- 
gateil.  TIh*  former  was  unavailable  during  the  war 
years  and,  in  addition,  underwent  a  slow  ileeom|sisi- 
tion  with  tlie  formation  of  pnsluets  which  slowly 
deactivated  the  earism.  This  caused  the  effective- 
ness  of  tlie  earism  garments  to  decrease  during 
storage. 

2.  (Vlluhwc.  Regenerated  relluiose  is  tlie  ls*st 
liiink’r  now  known  for  the  muting  of  fabric  with 
earism.  A  solution  of  the  sisliim*  xanthate  salt,  as 
used  for  tls*  manufacture  of  ,-ayon,  is  mixed  with 
curium.  cisdisl  on  tls*  fabric,  and  cimverteil  to  re¬ 
generated  ei'llulosi*  by  treatment  with  iu*id.T  In  the 
prc|sinition  of  earism-  rayim  yam,  tls*  earism  is  like- 
wisi*  mixed  with  tlie  sislium  xanthate  cellulose  solu¬ 
tion  and  extrudeii  thnsigh  spinnerets  into  an  acid 
I sith  *n  regenerate  tls*  eellnlose.’-* 

3.  Atkali-soluMe  sine  cellulose.  Tills  has  ls*cn  used 
as  u  binder  in  tlie  impregnation  of  piece  gissls:  and 
garments with  act  i  vat  id  earism. 

4.  (Vilnlusc  derivatives  and  related  pnsluets.  A 
vaiicty  of  cellulose  derivatives  including  methyl- 
cellulose,  ethylcilhllose,  hvdnixyeth.vlcelhilose,  and 
earisixymethyleellulose  sislium  salt  have  l**en  in¬ 
vestigated  as  binders  and  all  found  *o  have  little  effect 
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on  tlx*  activity  «»f  tlx*  cnrlxm,*-*-*-'*  providing  tlx* 
ratio  of  lander  to  tin*  mrixm  is  sufficiently  low  an  that 
the  cart  ton  is  not  mirnl  by  a  continuous  film. 
Methyl-  and  ctliylccllnlose  can  Itc  lists!  directly.  In 
tin*  otlmr  earns*,  tin*  Winding  agent  is  convcrtctl  into  a 
water-solid *le  form  Ity  alkali,  nnd  treated  with  acid 
to  regenerate  tlw*  material  after  application  to  the 
fnhri**.  ( ellulost*  acetate  filaments  containing  aeti- 
vated  caristn  *  have  Iteen  spun  Ixit  do  not  appear 
promising. 

o.  Various  jieetic  acid  sails.'  These  do  not  |toixon 
the  enrtxm,  Isit  tin*  caristn  is  n*tt  Isstnd  sufficiently 
firmly  to  prevent  mocking.  Natural  ami  syntlietic 
gums,'  vnrimis  types  of  starches  nnd  starch  acetate,* 
chitin,*and  chlorinated  starch'*  have  also  l<een  tried. 

(I.  Protein  products.  Casein  has  Isvn  use*!  as  a 
hinder  f«tr  t Ik*  impngimtion  of  fabrics '•*•*  ami  gar¬ 
ments  '*-'4  with  caristn.  The  casein  is  insohihiliacri  by 
treatment  with  formaldehyde  or  lime.  In  the  former 
cane,  tlx*  disking  pro|X’rli«*s  are  satisfactory,  Imt 
formaMehyde  is  difficult  to  handle  on  a  plant  scale, 
tui*l  tin*  garments  are  excessively  stiff.  In  the  latter 
ease,  the  caristn  ens-ks  excessively.  Other  materials 
tried  include  mnarin  '  and  chntme  gelatin.* 

7.  Hyntlietie  (stlymers.  Syntlietic  filaments  con¬ 
taining  a*'tivate«l  caristn  have  lx*cn  prepared  from 
dtpolymers  «tf  vinyl  chloride  and  other  vinyl  c*tm- 
|MHinds,a*nnd  lalsiratoiy  ami  arm-chamls*r  tints  indi¬ 
cate  that  caristn  retains  most,  of  its  activity.4  51  Since 
manufacturing  facilities  for  the  prc| turn! ion  of  large 
<|iiantities  of  this  ty|x*  of  synthetic  yam  wen*  not 
available,  tliese  materials  were  not  <ievelo|sil. 

Polyvinyl  alcohols,  polyvinyl  chloride,  nnd  poly¬ 
vinyl  acetate  have  Iteen  tried  as  binders  for  the  im¬ 
pregnation  of  fnbrics  and  garments  with  carlxm.*-*-'* 
Polyvinyl  esters  differ  from  the  previously  discussed 
Winders  in  that  the  II  is  soWttle  in  the  |stlymer.  Tin* 
alstve  compounds  are  excellent  Itinders  insofar  as 
binding  the  caristn  to  the  fabric  is  concerned;  how¬ 
ever,  the  activity  of  the  caristn  fabrics,  as  measured 
in  the  lalsiratoiy.  appears  inferior.  Other  syntlietic 
polymers  include  polylmtenc,* 1 «  Carlxmiix*  aciy- 
lates,'  methacrylates,'  *  alkyd  resins,'  urea-foimahie- 
hyile  resins,"1  melumine-formultlchyde  resin*,'*  and 
modified  styrene  maleic  anhydride  intcristlyrnerx.* 

( ’njxtlymersof  ethyl  ami  methyl  aciylate  have  ls>en 
triiil  in  conneeliun  with  the  impregnation  of  piece 
gtswfr  with  activated  carlsm.1  *  Tim  cnrlxm  is  firmly 
IsHituI,  but  lb**  activity  «tf  the  car! ton  is  much  re- 
duecd.  unless  “protected”  by  a  prior  treatment  with 
ail  alginate  salt. 


8.  Miscellaneous  binders.  Miscellaneous  itinders 
invltulc  stslium  silicate 1  and  chlorinated  paraffin 
wax.*-'* 

27.2.3  Fabrics 

In  the  case  of  the  coated  and  impregnated  ma¬ 
terials,  nearly  all  w*trk  In  this  country  lute  lx*en  done 
with  IhTfinglstne  twill  nnd  Arnsen  cloth.  Both  are 
8-  to  8*  j-*Hinee,  tightly  woven,  snag-resistant,  cotton 
twills.  Tlie  first  is  prix'iircd  by  the  Army  for  the 
preparation  of  standard  cotton  Army  Itattle dress,  re¬ 
gardless  of  whether  or  not  it  is  to  lx*  made  gas-pro¬ 
tective.  Tlie  latter  is  a  higher  quality,  more  expensive 
fal trie  which  is  procured  Ity  tlie  Navy  for  i  lie  prepara¬ 
tion  of  tlie  specially  designed  Navy  gas-protective 
suit.  Arnacn  cloth  differs  from  hcrringlioitr  twill  in 
that  (I )  tlierc  are  minor  differences  in  details  of  con¬ 
struction,  (2)  it  is  not  dyed,  (8)  it  is  much  more  uni¬ 
form  Iteeause  it  is  manufactured  and  processed  Ity 
only  one  company,  nnd  (4)  it  is  subjected  to  rela¬ 
tively  light  processing  in  the  finishing  plant. 

A  few  hundred  yards  of  a  lightweight  “80  square’’ 
pritt*  cloth  have  also  lieen  routed  with  rarlsin,  hut 
there  ap|x*nr*  to  Is*  no  military  n«sl  for  sicdi  ma¬ 
terial. 

In  tlie  ease  of  tlie  rarbon-niyon  fabrics,  woven  anil 
knit  fabrics  were  prepared  which  had  constructions 
different  from  tlie  standard  materials  used  by  tlie 
Armed  Sorvirr*.  Tliese  will  Is*  discussed  in  the  section 
(leafing  with  tlie  preparation  of  tlie  carlxm-rayon 
materials. 

27.3  l»RKI»\  RATION  OF 

c\khon-imi‘rf.(;n \tkd  fmikics 

27.3.1  Introduction 

<  hirments  may  lx-  impregnated  with  rarlxm  by  im¬ 
mersion  in  a  suitable  dis|x*rsion  of  tlx*  earlxm.  Such  a 
pnsixlure  lias  the  advantage  that  the  caiixin  is  in- 
cnrjxiniUil  into  tlx*  finislied  garment  and  makes  it. 
(xissible  to  impregnate  the  large  ntimlx-r  of  garments 
lield  in  storage  by  the  < Quartermaster.  Tin*  elioiei*  *»f  a 
suitable  hinding-disixTsiiig  agent  «le|x*nds  oil  the 
relative  im|x»rtunrc  of  having  a  method  of  impngna- 
tion  easily  applied  ia  tin*  field  as  op|x>srd  to  a  more 
complex  impregtiatioii  procedure  mpiiring  meclmiii- 
ca!  e*|Uipm**nt,  emi  though  the  garments  impng- 
nate*l  by  the  former  procedure  are  inferior  to  those 
pn>|tan*d  by  the  latter.  In  order  for  an  impregnation 
ptisrdurc  to  lx*  suitable  for  use  by  'In*  average 
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27.3.2  Preparation  and  Camouflage 
of  Carbon 


soldier  under  field  conditions,  it  is  conshlcnd  noi'cs- 
mry  that  annate  impregnating  linth  be  employed  and 
tlutt  thi*  consist  of  an  aqueous  dispeiwfcm.  The  elimi¬ 
nation  of  organic  solvents  and  of  two-step  pmeciwc* 
prevent*  the  uae  of  many  attraetive  binder*.  Xcver- 
thek***,  aevend  iu|IHimii*  onc-lmth  system*  linvc  Item 
develojs'd  containing  calriuri  caseinate, •*  variima 
cellulose  ilerivative*,’-*  and  polyvinyl  ateohol  *  aa 
hinder*.  Pmetieal  wearing  teata  on  tlie  moat  promia* 
ing  of  tlie  methylcelluloso  aqueous  system*  demon¬ 
strated  that  notieenhle  amounts  of  earism  are  niMted 
off  under  wet  field  rendition*.*’ 

By  the  end  of  hostilities,  a  formulation  involving 
tlie  nia*  of  ethyleelluloHO  a*  a  hinder  diaaolved  in 
frtmrhlnmethane  had  lieen  ilevelopwl  on  a  lalsim- 
lory  aeale.  It  Ulielleved  thi*  Impregnation  pmeednn* 
might  prove  to  la*  suitable  for  uae  In  tlie  Army**  M-l 
Tlteater  of  Operations'  (T  of  O)  solvent  <*<*-2  impreg¬ 
nating  plant*.  The  fabrics  were  outstanding  with 
respect  to  softness,  H  vapor  resistance  in  Isith  the 
wet  and  dry  condition*,  and  lack  of  crocking 
properties.* 

Several  more  complex  pmressos  were  ilcvclopril 
prior  t4»  tlie  ulsivc  work.  Tlie  original  British  develop¬ 
ment  ST  involved  ( 1 1  the  thorough  impregnation  of  tlie 
fabric  with  activated  curiam,  (2)  tlie  removal  of  the 
surface  carlsm  by  scrubbing,  and  (3)  the  thorough 
binding  of  tin*  carlsm  in  the  fabric  w  ith  niMier  latex. 
It  was  tlie  knowledge  of  this  prises*  that  led  to  tlie 
undertaking  of  a  research  program  in  this  country  on 
carlsm  fabrics. 

A  somewhat  similar  metlusl  was  ilcvclopcd  in  this 
country  for  the  impregnation  of  piece  gissls  with 
carlsm  dispersed  in  a  zinc  ammonium  alginate  solu¬ 
tion.  After  impregnation,  the  surface  carlsm  is  re- 
rnovi-d  by  scrubbing,  atw'  an  aqueous  dispersion  of  a 
polyucrylnte  n**in  i*  applied  to  bind  tlie  carlsm  in  tlie 
fabric.1'-  The  met  Iks  I  is  Is'licved  to  Is*  less  practical 
than  that  cmployixl  in  the  preparation  of  thccnrlsm- 
cnated  fabric. 

A  two-step  poses*  for  the  impiegnatiim  of  gar¬ 
ments  was  developed  which  involved  the  use  of  casein 
a*  a  binding-disisesing  agent  followed  by  a  second 
step  in  which  the  casein  was  iiisnlilhilizcd  by  excising 
the  impn*gtiat<d  garment  to  the  vapors  of  formaith*- 
hyde  overnight  at  loom  temis  ratim*.'*  The  use  of 
formaldehyde  was  inconvenient,  es|s*clall,v  on  a  plant 
scale,  and  tin*  prises*  was  discarded  Iseause  it  was 
Is'lievoi  the  tiumls>r  of  garments  which  could  Is* 
to v ted  per  day  in  the  Army's  M-2Tof  O  plant  would 
Is-  t«s>  low  to  Is*  practical. 


A  study  has  lieen  made  of  the  relationship  la'twoen 
particle  size  of  the  carlsm  and  resist  ante  to  teinovnl 
from  tla*  impregnated  fabric  by  crumpling  and  water 
teaching.  Fabric*  impn*gtmtcd  witli  X-IN2  National 
earl  sin  dis|*>r*ed  in  an  aqniim*  metliyleellulose 
or  hydmxyothyhi'llultise-glyoxal  system  exhibited 
greatly  increased  waslifastm***  as  tla*  weight  median 
diameter  was  reduced  to  3  g.  A  fabric  impregnated 
with  a  mcthytccllutosc  system  containing  22-g  eariion 
o*t ained  Bl  js  r  cent  of  its  earism  after  erumpting  and 
water  hitching  as  determin'd  by  II  va|a>r  capacity 
uMnsuo-miiit*,  wIh'Oiim  a  similarly  impo*gnatiil 
sa  iple  with  3*g  earism  retained  100  |ierecnt,  It  was 
iimeiudiil  that  t  he  earism  to  lie  used  in  the  intpregnn- 
tien  of  gnrments  should  Is*  as  finely  go  Mind  ns  Is  com- 
menially  praetieal.*  Must  of  the  Inlsimtory  work  was 
carried  out  with  mienmized  X-182  Natiimal  acti¬ 
vated  earism  having  a  weight  median  diameter  of  5  g. 

TIh*  carlsm  in  the  coated  falirie  or  the  impn*gnate«l 
jrtrmeiit  ran  Is*  ramouHagrd  by  inror|M»rating  in  the 
carism-bindcr  mixture  eitlier  "Ma))iti»  hmioii  yellow" 
inm  oxiile  pigment  or  white  titanium  dioxide.^’  ” 
After  impmgnatiim  with  a  earism  dispersion  con¬ 
taining  75  pnrts  yellow  pigment  |s*r  BIO  of  carlssi, 
herringlsme  twill  gnrments  still  have  an  olive  drab 
si  mile  which  is  only  slightly  darker  than  the  original. 
White  Amzen  cloth  impregnated  with  a  rarlsm  ".*- 
persiim  containing  50  jsirts  titanium  dioxide  |M*r  l(M) 
of  earism  is  an  attractive  blue-gray  simile. 

27.3.3  Impregnation  with  Carbon  from 
Aqueous  Mcthylccllulosc-Carbon 
Dispersions  * 

In  its  present  state  of  development.,  the  aqunsi* 
metfiyleelliilosr  system  doe*  not  meet  the  drsiml  goal 
of  complete  resistance  to  removal  by  water,  lull  it  is 
Is'licvtd  to  have  sullieient  water  resistance  to  Is* 
useful  in  east*  of  ncceiwity.  In  a  tnsip  wearing  trial, 
tin*  skins  of  the  tnsip*  wearing  the  clothing  were 
Isidly  darkened  by  earism  which  niblsd  off  when 
exposed  to  a  heavy  downpour  of  ram.”  Ijdsimtory 
II  nuistanee  data  also  indicate  the  II  vapor  capacity 
of  thi’  falirie  to  !*•  eoiisiderabiy  lowered  when  wet.  A 
pn'llmitmry  elmmls*r  evaiuiition  indicated  that  new 
garments  pmvide  pniteetion  for  approximately  two- 
thinls  tin*  length  or  time  provided  by  cnrisin-eontcd 
gamwnts.” 

TIk*  prefemsl  system  consists  of  KM)  parts  mi- 
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ci-otiiscd  X-182  carixm,  25  parts  100  cps  mcthylccllu- 
bwc,  25  parts  “Mnpico  lemim  yelkiw"  iron  oxhk*  pig¬ 
ment,  and  I  part  Tamo!  NXO  (naphthalene  formnkle- 
hydc  Mullum  sulftxintoi.  It  Ik  readily  formulated  liy 
dissolving  tin*  fibnsis  mcthylccllulosr*  (2.5  p«ximtx)  in 
10  parts  of  water  by  hjinti  stirring  for  several  toxin* 
xml  tlicn  diluting  to  a  5  per  rent  solution.  Hit  con¬ 
centrated  suspenshm  lx  prepared  by  Mending  the 
solid  ingredients  into  tlx*  mrthylrcIhdoHC  solution  and 
hand  stirring  atoxit  I  toxir.  Phc  suspenshm  ix  diluted 
with  water  to  0.5  |x*r  cent  enrtom,  A  Iwth  so  prepared 
Ix  sufficient  to  Impregnate  approximately  25  uni- 
formx.  Tlie  wot  clothing  ix  wrung  by  hand  until  it 
ronxex  to  drip  anil  ix  then  dried  In  a  tumble  drier. 
Tlie  riot  hi  tip  r*mtnins  approximately  3  mg  <if  carixm 
per  x*|unre  centimeter. 

The  investigation  of  thix  xyxtem  wax  terminated 
hefoiv  it  c*xild  lie  developed  completely.  The  system 
ix  not  now  in  a  pmetind  xtnte  oil  development,  txit 
furfltor  lalxiratory  work  xhixdd  indleate  mettoxlx  by 
whirh  tlie  present  deficiencies  ran  lx*  overrome. 

In  tlie  development  of  the  ntoive  xyxtem,  a  larpe 
numlxT  of  alternative  hinders  were  investigated. 
These  included  watenxoluble  binderx  xueh  ax  hy- 
dnixyethylrcllidnxr,  polyvinyl  aleoliol,  eom  ami  po¬ 
tato  starch,  casein,  «lnc  ammonium  polymet  harry  lute, 
ammixtium  alpinate,  rarlxixymethylcolliilosr  xixlium 
xalt,  Dnktoxr  (dcarylntcd  rhitin)  aretate,  Carixmax 
1500,  mixiifie<l  xtyrene  maleir  arid  interpotymer, 
melamine-formaldehyde  rrxin,  urea-formahlehyile 
renin,  and  Swiss  pum;  and  water-insoluble  binders 
xueh  ax  polyvinyl  aretate,  polyvinyl  aleohol,  poly- 
butene,  chlorinated  immffin,  r.nd  ethyleellulose. 

27. .1.1  Impregnation  with  (Carbon 

Dispersed  in  Tetraehlorocthanr 
Solution  of  MIivIivIIiiIon1  * 

llrrrinptome  twill  fabriex  imprepnated  with  acti¬ 
vated  carixm  from  suspensions  in  orpnnie  solvents 
rontaininp  ethylrelluhixe  us  a  binder  ami  disperxinp 
apent  liave  exhibited  hipii  II  rapnrity  under  latoim- 
toiy  conditions,  nearly  complete  loach  and  wash  re¬ 
sistance,  and  little  tendency  to  dust  when  crumpled. 
The  preferred  formulation  has  tlie  composition  100 
parts  mirmniaed  N-182  cnrlxxi,  25  parts  ethylcel- 
iiiloxe  ( 10  cps),  75  parts  "Mapieo  lemixi  yrlhiw"  inxt 
oxide  pigment,  1,510  ports  tctmchlonx’thane. 

Tt<e  impregnating  suspension  is  prepare* I  liy  dis- 
xolvinp  158  p  ctliylrclhilosr  in  0,730  p  tctraehhim- 
etlmne  with  viperous  .ipitnt  ion  at  nx*m  temperature. 
Tlie  binder  dissolves  completely  in  atoxit  15  minutes, 
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and  025  p  micnmiied  carixm  and  171  p  iron  oxide 
pipment  are  then  added  and  stirring  continued  for 
30  minutes.  Tlie  fabrics  are  xtxtkori  in  the  impn*gnn<- 
inp  suspension  amt  then  wrung  to  100  p  wet  pickup 
(175  per  cent)  amt  dried  liy  tumblinp  at  HOT.  'Hie 
impregnated  fabric  rontainx  atoxit  3  mg  carixm  |x*r 
square  centimeter. 

Tlie  faliricK  are  relatively  soft,  and  are  of  an  olive 
drab  shade  only  slightly  darker  than  the  Ol)7  of  the 
original  herringtoxte  twill.  With  Amacn  cloth,  an 
attractive  blue-gray  simile  ix  prtxhircd  hy  xiilixti- 
tilting  50  ixirtx  titanium  dioxide  for  the  75  |mrtx  of 
inxt  oxide.  11  rapacity  values  determine*!  in  tlie 
lalxiratory  are  approximately  three-fourths  those  oto 
twined  with  tlie  eartom-cmitcd  herriitgtome  twill. 
Texts  run  «xt  wet  samples  indicate  that  (lie  atlxorp- 
tive  capacity  Ix  not  impaired  by  the  presence  »if  water. 
Ismehinp  the  fnlirirs  with  water  or  laundering  with 
0.2  per  rent  Knlye-A  (an  inorganic  detergent  c«m- 
sixtinp  of  75  per  rent  wxlium  metasilicate  ami  25  per 
rent  tetrawxiiiim  pyrophosphate)  removed  pnictically 
no  carixm  and  did  not  lower  the  II  capacity  values; 

The  latoxittory  investigations  were  terminated  lx»* 
fore  the  system  was  dovclopcil  completely;  however, 
it  appears  extremely  promising  and  xhtmld  lx*  in¬ 
vestigated  in  plant  equipment,  in  wearing  trials,  and 
in  rtmmlmr  tests. 

27 ..1.3  Preparation  of  Carbon-lmprcgnatml 
Woolen  Fabrics  with  Kiihlicr  Imtex 
Binder  «*=* 

Tlx*  list*  of  nit»lx*r  latex  as  a  Ixmler  for  carixxi  was 
not  stiidie*!  in  this  country  Is-eause  of  the  shortage 
of  tills  material  and  Ixximsr  the  earlier  Hritish  w*irk 
indicated  that  a  slow  d(x'om|xisiti<m  of  the  rtil>lx*r 
occurred  with  cimscipicnt  poisoning  of  the  carixm. 
Tlx*  pnief*ss  is  more  adaptable  to  relatively  thick 
w«sik>n  falirics  than  it  Is  to  closely  woven,  thill  cotton 
falwics  such  ns  lM*rringlsme  twill. 

Tlx*  imprcgnntiixi  Ixitli,  as  used  by  tlie  British  in 
1012,  cimsists  of  HI  per  rent  activated  carism,  I  |x*r 
irnt  rul»lx«r  lat*»x,  li'sscr  amounts  of  mcthylcclhiloxc 
t«»  serve  ns  a  stabilising  colloid,  and  IVrmitml  WA 
(nn  l.(M.  Ltd.  pnsluct)  to  impntve  ptmetmtion  of 
tlx*  fabric.  Tin*  fabric  is  driml  to  complete  primary 
fixnthm  ami  is  then  thoroughly  washed  to  remove 
superficial  and  hxisoly  adhering  enrlxm.  Tlie  carixm 
is  then  more  thonmghly  fix***!  liy  dipping  tlx*  fabric 
in  a  I  per  cent  Positex  *lis|x*rsiop  and  drying. 

The  P'isitex  used  was  obtained  by  flu*  addition  «>f 
Iissotnmine  A  to  a  commercially  vulcanised  latex 
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(Hcvultcx)  to  the  extent  of  7.S  per  rent  of  the  dry 
nilrfsn*  content.  The  binding  action  depend)*  upon  the 
preferential  ahsnrptitm  h,v  the  fabric  of  the  Us- 
solaminc  A  and  the  rtmscqoent  preeipitntion  of  the 
vulenniaed  latex,  Fabric*  were  also  made  using  an 
'.tnvulcaniseri  latex  having  superior  fixative  prop* 
ertie)*. 

By  impregnation  in  this  manner,  the  enrism  I* 
confined  to  the  laxly  or  eorn  of  the  fabric  so  that,  a 
section  of  the  fabric  presents  a  laminated  structure, 
the  surface  layers  I  wing  clean  ami  sulistantially  free 
of  enriam.  Tlte  normal  enrixm  content  Is  10-15  per 
rent. 

Wearing  trials  of  garments  impregnated  as  alatve 
haw  lorn  carried  nut  hy  the  British.  The  data  ol>- 
tnined  indicate  the  hiss  of  protective  value  «m  wear 
to  hr  due  to  (I)  poisoning  of  the  enriam  through 
general  soiling  untl  perspiration,  to  which  must  lie 
odtlcri  any  effect  title  to  atmospheric  ctmtaminathm, 
anti  (2)  hats  of  enriam  from  the  garments  due  to  wear 
anti  intulet|unte  initial  fixation.  Of  these,  (I)  is  the 
morn  serhais.  The  enriam  cxcits  an  ahrasive  action 
tm  the  textile  and  increases  the  rate  of  wear.  The 
effects  of  the  enrixm  poisoning  arc  reversed  hy  cx- 
traethm  with  neettme  ontl  presumably  hy  other  sol¬ 
vents.  The  impregnated  falsies  show  pmgmwiw 
how  tif  penetrathm  times  tm  stnntling  in  the  atmos* 
pliere,  presumably  tine  tti  adsorption  tif  atmospheric 
impurities  tif  an  oily  nature.  Tlie  faliries  also  suffer 
tleteriomthm  of  tlie  fixation  of  tlie  earism  «m  ex- 
laisure  to  Isight  sunlight.  A  limited  evaluation  of 
cnrlxm-imprrgntrird  garments  was  carried  out  hy 
exposing  subjects  wearing  new  anti  worn  “pantces” 
to  If  vapor,  and  it  was  demonstrated  that  tlie  gar¬ 
ments  would  pnivitle  a  cert*. in  tlegrre  of  pmteetitm.;* 
However,  tine  to  the  exploratory  nature  in  this  work, 
it  is  difficult  to  compote  the  results  with  the  results 
of  the  ehamlwr  programs  at  tidgewtaxl  Arsenal  anti 
anti  the  Naval  Besenreh  L-ilmmtory. 

No  work  has  I  sen  cnrrietl  (Hit  in  the  United  States 
tm  the  use  of  rutrier  latex  ns  a  hinder.  Following  the 
development  of  the  nlstvc  impregnation  procedtue, 
tlie  British  assigned  a  low  priority  to  work  tm  earism 
protective  clothing,  presumably  Iseanse  of  the  tm- 
availah  ty  of  rubier  latex  and  the  deterioration  trf 
the  activated  earism  tm  wear  and  storage,  with  the 
result  that  practically  no  work  was  cnrrietl  out  after 
10 13.”  It  is  lelieved  that  tie  British  prteess  is  not 
so  suitable  f«e  the  impregnation  of  comparatively 
thin  nnd  tightly  woven  cotton  falsies  as  fte  He 
thicker  wisilcti  falsies. 


2T.s.a  Impregnation  of  Pirn'  (toot Is  in 
Finishing  Plant ,J 

(Vrtaln  alginlc  acid  salts  haw  the  unique  property 
trf  preventing  activated  earism  in  a  fabric  from  ieing 
inactivated  by  the  application  of  a  water  emulsion 
of  an  acrylate  polymer.  This  is  used  in  the  following 
mtslificatitm  of  the  British  prteex*  for  tie  impregnn- 
that  of  piece  gtssls  in  the  textile  plant. 

Tie  prteessing  of  the  fabric  start*  with  tlte  dyeing 
trf  the  lane  falsie,  since  the  darker  shade  of  tie 
fabric  alter  the  activated  earism  has  leen  incorpor¬ 
ated  makes  It  necessary  to  Itave  tie  unimpregnatetl 
falsie  a  ligltter  and  more  yellow  shade  titan  the 
standard  olive  tlnih.  Unmcrrrrisrd  cloth  is  used  to 
secure  letter  penetration  of  the  cariom  into  the  gotsls. 
Other  than  the  alatve,  tlm  preparation  of  tho  lotse 
fabric  involves  the  usual  pniecreing,  namely,  singe, 
diastafie,  wash,  18-hour  kier  latil,  stair,  wash,  wash, 
sixtp,  hot  water  wash,  frame-dry,  dye. 

Tie  impregnating  liatli  is  prepared  according  to 
the  following  formula:  4  per  rent  ommtmium  alginate 
(Aiuotoid  LV),  2.8  per  rent  sine  sulfate  heptahy- 
drate,  4  |ter  cent  concentrated  ommtmium  hydroxide 
(28  per  cent  Nil*),  15  per  cent  National  activattsl 
rurism,  74.2  per  cent  water.  The  alginate,  curiam, 
ami  sine  sulfate  are  dispersed  is-  dissolved  in  *''|»- 
rate  port  it  ms  of  the  water.  The  ammonia  is  added  to 
the  sine  sulfate  wrfutitm  and  stirml  until  the  sine 
hydroxide  hits  dissolved,  after  which  tlie  enriam  is 
mlded.  The  dyed  fabric  is  impregnated  hy  running 
it  twice  this  sigh  a  mangle  equipped  with  tsie  brass 
nnd  one  maple  roll.  Tlte  cloth  is  not  dried  Imtwccn 
runs,  but  the  face  trf  the  eloth  is  rewnted.  Following 
the  impregnation,  the  eloth  is  frame-dried  and  then 
given  eight  passes  thnstgh  a  specially  built  scrtililiitig 
machine  to  remove  tlie  surface  enrism.  The  (nitric, 
is  then  dried  and  topped  with  a  5  per  rent  aquetsis 
emulsitm  trf  a  copolymer  of  ethyl  acrylate  and  methyl 
acrylate  (Kiioplex  W( '-!)).  Following  this,  the  gtssls 
are  frame-dried  and  cured, washed  in  n  Ho'lnry-llunt. 
wnslicr  in  cold  water  for  15  minutes,  frame-dried, 
again  given  ftmr  passes  thnsigh  the  sertihhing  ma¬ 
chine,  frame-dried,  Sanforised,  given  ftstr  passes 
thnsigh  the  scnthlmr  with  0,2  per  cent  Kalye-A  (an 
inorganic  detergent,  consisting  trf  75  per  cent  sodium 
metasilieate  and  25  per  cent  tctrnstsiium  pyrophos¬ 
phate),  hair  passes  thnsigh  the  *<  niblmr  with  cold 
water,  and  frame-dried. 

The  pmperties  trf  tlie  finished  falsie,  NDHC’  Car* 
Ism-lmpregnnted  1 1  BY,  Type  A  (B*I0I),  are  as 
follows: 
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Trtixlk’  stern*.  I.  (ilo.lt  |irn<lulum  Ijf-.WTM  (truli 
mctlssl) 

Warp  >44 It. 

Fitting  n  Ih 

T«w  its  is.  «ncr  (Hentl  Inclined  plnno  tester  —  AHTM  tmpe- 
jemlnl  method) 

Wnrp  10.7  H» 

Filling  0.1  II. 

Air  itermniliility  (mctlssl  of  Kehlcfer  sad  Itoyltmd)11  2 
m  ft  «|  ft .  min 

If  rmixliimt. 

NI>IU‘litrtmeler  method  •(!<);*  I!  In  10  ml  nlrnprOed/ 
mln/rm’nt  21 C) 

Cnimrity  nt  00'f  relent  lt*n  eflWcne.v  M0*g/rtn‘ 
Cntmrity  ill  fl.1%  relent  l<  in  effirieney  1,0.10  ngcm1 
( ’npnrit y  nt  00%  retention  efficiency  1 ,200  **  'mi* 
CW8  penetration  time  '*(  Directive  102, 

Edgi'wissl  Arsrtml  result )  281  mill 

Klrxihillty  Htilfnrm  Inrrmst’d  nlxnit  S0‘;}.  over  Imsr 

fshrir  ti«  mnwiiwl  on  (Ittdev  II, V. 
tester 

(‘oliir  Olive  limit  shmle 

( 'nrlxin  content  3  mg/em* 

Three  large-scale  mill  now,  each  of  1,000  ynnls  or 
more,  have  liecn  made.  The  material  tviw  somewhat 
more  stiff  thnn  the  curtsm-contcd  faltric.  Murh  of  the 
material  prtsluccd  was  of  a  darker  shade  than  tie* 
nimble.  Thin  wan  in  part  a  result  of  the  relatively 
inefficient  experimental  m-ntblter  which  wan  em¬ 
ployed.  With  a  properly  designed  scnibltcr,  the 
finality  of  the  material  produced  could  lie  improved. 
N-41  cariion  was  used  in  all  the  plant  run*  mther 
thnn  tlie  more  active  N-182  rarlsm  which  Itecame 
available  later.  Kvaluntion  in  the  toxie  elinmlter ,T  at 
Krigewoori  in  the  summer  of  104 1  intlieafetl  the  ma¬ 
terial  tti  lie  a*  eftoctive  as  the  enrlxm-eonted  fabric 
containing  approximately  the  name  amount  of  X- 1 1 
enrlion  |ier  *t|tiare  centimeter.  Inasmuch  us  tin* 
chntnlicr  trials  indicated  little  choice  lietween  the 
rarlMm-ronted  anti  the  rarlNm-impregnatetl  faliric, 
anti  the  ftirmer  was  less  stiff  and  did  not  ret|uiie  a 
scniMang  tipemtion  in  it-  ‘preparation,  efforts  were 
eimcentmtetl  tm  having  the  carlsm-contcd  fabric 
tlionsighly  evaluated. 

An  alternative  plant  impregnating  process  was  de¬ 
veloped  I msed  tin  the  use  tif  Kopnn,  an  alkali-soluble 
line  cellulose,  as  the  dispersing  agent,  anti  !,000 
yards  t»f  herringlsme  twill  were  impregnated  to 
demonstrate  its  feasibility  tm  a  plant  scale.  This 
material  was  not  evaluated  in  clinml**r  tests  or  wear¬ 
ing  trials,  but  if  is  Imlievctl  to  lie  the  equivalent  tif 
the  |iriss>ss  employing  line  ammonium  alginate.4 

In  tlie  tlt'velopmetit  of  the  nlsive  uystt'ms,  many 
otlier  binder*  were  invest igattsl,  but  ntmc  apt  tented 
to  Is*  more  satisfactory  than  those  used  in  tlie  two 
processes  descrilsxl  alstve.  Tlie*’  alternative  hinders 


included  polymers  of  the  methacrylate,  acrylate,  oit- 
tnotlificti  alkytl,  phenol-tnodilled  alkyd,  rosin-modi- 
fietl  alkytl,  urea-formaltleliytle  modified  alkytl,  urea* 
formaklehytle,  poly-butene,  and  |M>1yvin.vl  alcohol 
types;  natural  anti  synthetic  gums;  mniein,  casein, 
anti  chrome  gelatin  {sodium  silicate;  metallic  |icctutcs 
anti  alginates;  anti  liydroxycthylrelluloHe, 

27 ..1.7  Impregnation  with  Carbon  from 
Aqueous  Ammonium  Caseinate 
i)i*|M'r*ion*  M 

Casein  has  licen  ftHintl  to  serve  as  a  binder  ft»r  tlie 
impregnation  of  fabrics  with  aefivatetl  carbon.  l?n* 
fortunately,  casein  easily  dissolves  in  dilute  alkaline 
sohititms  and,  tlierefoie,  has  little  wash  fust  ness.  In 
tlie  following  procedure,  the  casein  is  insoltihiliicd  by 
treatment  with  formoltlehydc  to  inprease  the  wash- 
fastness.  Tin*  preferretl  formulation  Inis  tlie  following 
it  imposition:  24  parts  N-182  aefivatetl  rarlMin,  18 
parts  “Mupico  lemtm  yellow"  irtm  oxide  pigment,  12 
parts  casein,  0.5  part  lAixud  (naphthalene  formal- 
tlchytlc  sodium  sulfonate),  1.3  part*  concent  rated 
ammonium  hydmxitle,  237  parts  water,  excess  gase¬ 
ous  formaltlehytie.  After  the  tlry  ingretlients  are 
thoroughly  mixetl  either  in  a  lieaker  or  bull  mill,  the' 
water  anti  ammonia  are  grndunlly  added  with  stir¬ 
ring.  The  material  to  lie  impregnated  is  soaked  in 
tlie  mixture  anti  the  excess  liquid  removed  by  wring¬ 
ing.  The  fabric  is  then  dried  in  a  laundry  drier.  Tlie 
impregnated  fabrics  or  garments  are  cum!  by  ex* 
ptisnrc  to  flic  vnptirs  of  formaldehyde  ftir  12  hours. 
This  is  curried  tint  by  sealing  appniximately  20 
IMHintis  of  dry  impregnated  garments  in  large  paper 
sacks  in  the  iMittum  of  whirh  approximately  150  mi 
tif  40  per  cent  fnrmaltlph.vtle  solution  has  lieen  poured. 
After  ettring,  the  clothing  is  tlrietl  in  a  tlrier  vented 
to  the  outside  until  tlie  odor  tif  formaltlehytie  is  not 
tmjectitinable.  Ctivenills  impregnated  in  this  manner 
are  too  stiff  to  Is*  worn  anil  are  softened  by  Inundf  r- 
ing  in  n  wash  wheel  at  100  F  for  13  minutes  in  0.2 
per  cent  Kalye-A,  followed  by  tlirre  5-minute  rinses 
at  100  K. 

A  similar  pmeetlure  waa  investigated  in  smull- 
seale  equipment  simfilating  on  M-2  T  of  <)  impregna¬ 
tion  plant.  Tlie  curing  step  was  curried  out  by  intro¬ 
ducing  formaldehyde  vaptr  into  tlie  tlrier  tluring  th< 
drying  operation.  After  preliminary’  trials,  tin*  metlifsl 
was  discarded  since  it  was  Is'lieved  the  amount  of 
clotliiiig  wliieh  t-Htltl  Is*  treated  by  an  M-2  T  of  O 
plant  *.v,H’.ltl  lie  t<si  small  to  lie  practical. 

(Sarmtnfs  impregnated  bv  the  lalsimtoty  pro- 
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eednrc  offer  console  ruble  resistance  to  I!  vapor  a* 
determined  by  the  CW8  piwcdtire.  The  laundry 
rcststanoe  compare*  favorably  with  that  of  the  car- 
Ism-coatcd  fabric. 

Small-scale  wearing  trial*  were  carried  nut  with 
garment*  during  tlie  development  work.  Beenil*e  of 
the  *(iffne**  of  the  Jaltomtory-impregnuted  garment 
and  1  Ih*  belief  that  the  plant  proee**  wo*  not  practi¬ 
cal,  an  extensive  program  for  wearing  trial*  and 
ehamlter  te*t*  wa*  never  undertaken. 

27.3.B  Present  Statu*  of  Carbon 
Impregnation  System* 

Tlie  pmcos*  Isised  on  the  u*e  of  ethylrelhi!«’*e,  dis- 
soived  in  tetraehloroethane,  a*  a  di*per*ing  and  bind¬ 
ing  agent  for  activated  carlsm  hold*  much  promi*e 
for  the  impregnatiim  of  garment*,  twit  ha*  not  Iwen 
<h>tnon*t  rated  on  i;  Toft)  plant  *cale.  Tlie  impregna¬ 
tion  of  piece  good*  in  the  textile  finishing  plant  by 
any  of  tlie  method*  vet  tried  i*  lielieved  to  l»e  inferior 
to  the  application  of  the  earl*in  by  the  coating  pcoc- 
c**  <le*erit»e<l  in  the  next  section. 

27.1  PREPARATION  OF  CARHON- 

C.OATKI)  FA  HR  ICS’ 

27.4.1  Introduction 

( 'ariMHi-cnnte<l  fabric*  are  prepare* I  by  applying  a 
mixture  of  finely  ground  activated  eari*>n,  dispersed 
in  a  solution  «if  viscose,  to  the  fabric  by  a  star.danl 
knife-blade  coating  technique.  Tlie  viscose  i*  con¬ 
verted  into  regenerated  cellulose  |»y  treatment  with 
sulfuric  acid,  and  tin*  fabric  i*  tlien  subjected  to  a 
series  of  washing*  and  mechanical  treatment*  to 
soften  the  fabric  and  to  remove  chemical*  and  loosely 
held  carlsm. 

27.1.2  Preparation  of  Herringbone  Twill 

Fabric  Prior  to  (stating 
Standard  hcrringfsmc  twill  gray  cloth  woven  ac¬ 
cording  to  (Quartermaster  specification*  will  have  a 
filling  tensile  strength,  determined  by  tlie  “grab" 
methisl,  I *> tween  150  psi  and  the  spe<‘ifieation  mini¬ 
mum  of  SO  psi,  depending  «>n  the  spinning  and  weav¬ 
ing  equipment,  used  by  the  manufacturer.”  The  filling 
Ion  ite  strength-  determined  by  the  “strip"  mctln*l 
will  Is*  slightly  different  but  will  also  vary  from 
sample  to  sample.”  The  nonuniformity  of  (lie  ma¬ 
terial  n*sults  fnini  tin*  fact  that  the  amount  of  yam 
which  most  I*'  usisl  to  give  the  fabric  a  minimum 
weight  of  8.5  or  *q  yd  i*  more  than  i-  required  to 


meet  the  war))  mid  filling  minimum  tensile  strength 
requirement*,  and  the  manufacturer  is  given  tlie 
option  of  placing  tlie  exees*  yam  in  either  the  warp 
or  tlie  filling.  Since  Hie  fabric  must  lie  implied  prior 
to  rooting,  and  napping  involve*  a  preferential  weak¬ 
ening  of  the  filling  threads,  the  gray  fabric  used 
should  have  a  minimum  filling  tensile  strength  of 
125  psi.  Tlie  material  is  uniformly  napped  on  tlie 
“Uwk"  surface  of  the  fabric  to  such  an  extent  that 
the  filling  strength  i*  reduced  approximately  55  per 
rent,  providing  thi*  is  not  Is'low  (H>  psi.  Following  the 
napping,  ihr  gray  gtssls  are  submitted  to  the  usual 
finishing  prorcs*  and  finally  dyed  an  olive  drab  shade 
in  accordance  with  the  (Quartermaster  *|>reificntion*. 
All  trace*  of  soap  or  *yntlietie  detergent,  must  lie 
completely  removed  by  thorougli  rinsing. 

27.1.3  Preparation  of  Carbon 

Tlie  optimum  |>artlele  si*e  for  the  carlsm  to  lie 
used  in  tlie  routing  pmees*  is  approximately  25  m* 
Carisin  of  this  particle  site  mixed  with  one-lialf  it* 
weight  of  an  iron  oxide  yellow  pigment  and  routed  on 
tlie  fabric  ha*  an  olive  drab  Hliade."  Material  of  a 
smaller  particle  site  require*  larger  amounts  of  yellow 
pigment  to  obtain  an  equivalent  shade,  and  carls  in 
of  a  coarser  particle  siae  is  not  Isamd  so  firmly  to  the 
fabric.  National  ruriion  ran  lie  ground  to  an  average 
particle  site  of  25  m  by  micn>|>ulvcrising  tlie  12  30 
nM-dt  material  uml  air  classifying  tlie  ground  pn*l- 
urt.  PCI  rnrlNin  is  t«M>  hard  to  lie  ground  in  thi*  , 
way;  however,  it  should  lie  ptissibln  to  grind  it  satis- 
fartorily  to  a  similar  average  particle  site  by  other 
means. 

Anhydrous  X-182  National  activated  earl* in  ad- 
soriw  water  to  such  an  extent  that  it  partially  dehy¬ 
drates  the  cellulose  xant  hate  solution  and  irreversibly 
cingulate*  it.  Thi*  i*  avoided  by  previiMi*ly  mixing 
the  earlsin  with  one-half  it*  weight  of  water  ami  al¬ 
lowing  the  curlsin-water  mixture  to  *tnnd  for  3  day* 
to  assure  uniform  distrilHition  of  the  water  through¬ 
out  tlie  material. 

27.1.4  Preparation  of  Viscose 

Tlie  viscose  is  prc|mrcri  in  the  usual  way  from 
cellulose,  in  the  form  of  wish  I  pulp,  by  the  following 
M'lies  of  steps. 

A.  Treatment  of  the  cellulose  with  concentrated 
sodium  bydnixide. 

H.  Aging  of  the  alkali  cellulose  formed  in  Step  A. 

<\  Treatment  of  the  aged  alkali  celloln-e  with  ear- 
l*m  disulfide. 
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I).  Aging  of  tin*  cellulose  xanthatc  Milution  formed 
i't  ((*)  for  irwml  days  until  the  right  viscosity 
in  obtained. 

Tho  alkali  cellulose  (Step  R)  in  usually  aged  nt  IRC 
for  52  hour*.  hunger  aging  di'creasc*  the  viaroaity 
*»f  the  final  visrnac  solution.  Tlie  aging  of  tlie  final 
viM’oae  Milution  (Step  I))  i*  usually  carried  out  at 
IRC  for  RO  hour*.  The  viscosity  of  the  Milution  in¬ 
creases  with  the  time  and  temperature  of  aging.  The 
final  Milution  ha*  tlie  following  physical  anil  ehemieal 
properties: 

(VIIiiIuhc  run  ten  i  7.5', i 

Atknti  pi  intent  8.0-fl.7.1% 

Vjscimity  .1,. *>00-4,000  qx  nt  2Ti  C 

27.4.5  Preparation  of  Coatinp  Mixture 

The  competition  of  the  coating  mixture  is  as  fol¬ 
lows: 

Vinner  72.1',' 

( ‘iiHmmi  luunldlflcd  with  jO',"r  its weight 
of  wnter  2.1.  H' 

Iron  oxiile  yellow  pigment.  4.1';, 

Tlie  viM'osify  of  the  coating  mixture  is  lietween 
20,000  anil  25,000  eps  at.  25  (’..  The  coating  mixture 
shoiilil  In*  utilised  within  (>  hours  following  its  initial 
production  since  its  viscosity  will  remain  reaMmahly 
constant  during  tliis  period  of  time.  It  is  essential 
that  the  viscosity  lie  maintained  within  a  relatively 
narrow  mnge  if  the  coating  operation  is  to  lie  kept 
undei  satisfactory  control. 

O.t  *  Coatinp  and  Processing  of 
llcrringlionc  Twill 

Tlie  coating  mixture  is  npplidl  to  the  fabric  by 
means  of  a  dinting  machine.  Tho  essential  paris  of 
this  machine  are  two  nip  rolls  to  apply  tlve  dinting 
mixture  and  an  adjustable  knife  Made  to  remove  the 
excess.  The  taittom  of  t  lie  t  wo  nip  rolls  is  part  ially  im- 
mersdl  in  a  trough  dintnining  the  dinting  mass  and 
picks  up  tin*  material  anil  applies  it  to  the  n»|>t>d| 
side  of  the  herringisme  twill  as  die  falirie  passes  !**- 
tween  the  two  rolls  Tlie  contdl  fabric  tlien  pisM** 
over  tho  adjustable  knife  blade,  which  removes  the 
excess  of  the  coating  mixture.  The  coating  film  is 
partially  dried  by  pissing  tlie  falirie  over  steam- 
hcntdl  drums,  alter  which  the  fabric  is  tailrhcd  mi 
a  roll. 

The  cellulose  xanthato  in  the  viscose  film  is  con¬ 
verted  into  mgroemted  cellulose  bv  passing  the 
falirie  inio  a  dilute  sulfuric  acid  Milution,  This  is 
followed  by  rinsing  with  water,  neutralization  of  the 
remaining  acid  in  the  fabric  by  a  dilute  ammonia 


Milution,  and  final  rinsing.  Following  this,  the  fabric 
is  washed  in  a  0.2  per  cent  Kulye-A  Milution  ii»rup> 
form  in  a  slaek  washer.  The  washing  is  followed  by 
hot  and  cold  rinses  to  remove  any  detergent  remain¬ 
ing  in  the  falirie.  Tlie  fabric  Is  then  framed  and  dried. 
Tlie  coated  film  Is  further  broken  up  by  tvpxttmlly 
passing  the  falirie  over  a  button  breaker  (a  scries  of 
mils  studded  wiih  metial  projections)  wliile  the  ma¬ 
terial  is  maintained  undents  much  tension  as  pissihlc 
withmit  injuring  the  falirie.  If  necessary,  the  material 
may  then  lie  subjected  to  further  washings,  or 
vaeuum-eleaned  to  remove  Imwc  curtain.  The  falirie 
is  finally  Hunforiscd  to  insure  a  maximum  shrinkage 
of  less  than  2  per  rent. 

27.1.7  (iost  anil  Production  Capacity  •" 

It  was  estimated  in  1944  that  the  cost  of  pnshieing 
tlie  cnrtam-coatcd  herringisme  twill  would  lie  u|i- 
proximately  ns  shown  in  Table  J.,n 

Tabi.k  I.  KxtimiUcil  cost  of  iinsluring  ntrlsm-cotilcd 
lierringlume  twill. 

A|i|inixiiiMle 

rixl  per 

Item  of  oml  finished  ynrd 

(Iwy  goods  ( 10}*  IMIx4H  1.53  lierringlNUio  twill) 
including  freight  from  l.lndjile,  On..  lo  tawis- 
ton,  Me.  2H.40# 

Preparing,  dyeing  (Vat  OI>7  shade).  nnd  iiiippng 
•he  fnlirir  inrludlng  freight  from  IcwbOon,  Me., 
to  Hnvlmville,  It.  I.  20.50# 

Cnrism-fonting  trrntment  including  Knnforiiing 
Isil  exclusive  of  tlie  r,«*l  of  the  nrtivnled  nirlstn  13.20# 


Total,  exclusive  of  the  cost  of  the  Activated  enrlsin  02. 10# 


A  coating  machine  will  emit.  1,000  2,000  yards  per 
hmir,  depending  on  the  spixl  at  which  I  lie  machine 
is  operatetl.  The  eapwity  of  slack  washers  and  acid 
fixing  ranges  is  approximately  2,000  yards  jier  hour. 
However,  several  button  breakers  would  lie  rci|iiircd 
to  process  the  material  pnslnced  b.v  one  coating 
machine,  since  this  is  a  slow  operation. 

27.1.8  Characteristic*  of  Finished  Fabric 
The  prop'rtie*  of  the  falirie  are  summarized  in 
Table  2. 

27.1.1  Present  Status 

Several  500-yard  runs  ami  one  5,000-vard  run  have 
lieen  made.  Tlie  data  obtained  indicate  that  the  de¬ 
gree  of  control  achieved  in  the  smaller  runs  was  satis¬ 
factory.  Then*  is  less  certainty  concerning  the  larger 
size  runs  tarausc  of  variations  introd'iccd  during  the 
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Tam.k  2.  Properties  of  finished  fnlirie.  _ 

=1'"  "  "  Minn  Mnximnm  Minimum 

FniirifrtniHirtwiHkn>  value  vnlim  vahs* 

|,  Toii>ilc  strength  (gmb 
nx*i IhmI,  Hi  in.) 


i».  \Vnq> 
li.  KilliiiK 

2.  Tnir  strength  (tmpexuld 

method,  H»' 

n.  Waqi 
it.  Killing 

3.  Porosity  (ni  ft/mln/sq  ft) 

4.  1'nriMin  eontent  (mg  cm1) 
n.  Origiliid 

li.  After  washing  and  nhm- 

nil  ill 

3.  II  rn |mrl I  y (*g  'em* ),N I >IH ' 

lilriincter  method  ' 
n.  Origimil 

It.  After  w nulling  nntl  nlim- 
«ioti 

fl.  Ml  Iff  new*  (mran  flexttml  ri- 
giilit.v)  (mg/rni5) 

7.  Hlirinknge  (prr  rent ) 
n.  Wsqi 

li.  Filling 

8.  II  resb*tnnrr  Ilmen  (min), 

t'WM  Dirretive  1112, 
Ktlgrwiml  Arsennl  re- 
stllls 

n.  t'nwnshed 

It.  WiisIhxI  nml  nbiwled 


IflO  ....  144 

85  ....  «0 


8.7  ....  «■« 

7  fl  ....  5.0 

8.1  ....  4.5 

3.1  3.5  2.7 

2.1  ...  1« 


2.2110  ....  1.700 

1.020  ....  740 

1,100  1.400  - 

.  ..  2.0 

2.0 


3fl0 

2(15 


processing.  It  in  Micvcd  improvements  in  tlie  coated 
fill  trie  will  result  if  the  heating  of  the  fabric  following 
the  coating  operation  is  reduced  to  a  minimum.  The 
lant  system  would  lie  to  have  the  acid-fixing  range 
direct iy  attaelied  to  tlie  coaling  machine  and  not  to 
dry  the  fabric  More  regenerating  with  acid. 


27.5  l»RKP\R\TION  OF  C\RRON- 
R  A  YON  FMMUCS*-' 

27.5.1  Introduction 

( 'arlsm-rayon  yam  is  pn>|mred  by  dispersing  finely 
ground  activated  earism  in  a  viscose  solution  and 
spinning  the  resulting  dispersion  by  the  methisls  used 
in  the  preparation  of  “high  tenacity"  viscose  rayon 
yam.  The  carism-mntaining  yam  is  charactcriied 
by  n  low  tensile  strength  and  a  high  frictional  value; 
accordingly,  special  techniques  must  lie  followed  if 
it.  is  to  lie  ww  cn  or  knit  successfully. 

27.5.2  Preparation  of  ('.at  bon 

Tlie  optimum  sire  of  the  earism  to  Is*  used  in  tlie 
preparation  of  the  earlsin-myon  yard  is  approxi¬ 
mately  5  g.  ( ’oarser  material  will  clt^  the  spinnerets, 
amt  finer  material  may  ls>  less  active  Isvauso  an  in¬ 


creasing  percentage  of  the  agglomerates  of  earism  in 
the  yam  will  lie  completely  summnded  by  an  H-im- 
permeable  eellttloae  film.  In  the  case  of  ftqi  earism 
and  filaments  of  l.fi-denier  si»e,  few  of  the  earism 
agglomerates  are  completely  walled  off.  Most  jut  out 
through  the  fitaments,  thus  opening  up  passageways 
for  the  diffusion  of  gases  isiek  into  tin*  earism 
agglomerates. 

Tlie  carlxm  is  liest  ground  by  tlie  “micronixing” 
process  using  steam  os  a  carrier  gas.  This  method  has 
lieen  found  suitable  for  the  grinding  of  the  different 
types  of  earism  investigated,  namely,  National  ear- 
lion  types  X-4 1  and  N-182,  and  the  PTC  and  Carlisle 
ritritnns.  Unwind  lerlitsl  curl  sin  lias  Isxm  ttsetl  in  all 
eases. 

27.5.3  Preparation  of  Yarn 

The  spinning  solution  is  prepared  in  tlie  same  man¬ 
ner  as  for  high-tenarity  yam.  The  N-182  5-m  earism 
is  incorporated  and  the  resulting  dispersion  aged, 
filtered,  and  spun  in  tlie  usual  manner.  In  spinning, 
gpccinl  precautions  must  lie  taken  to  wash  all  acid 
off  tlie  yam  ns  rapidly  as  possible.  This  is  done  by 
having  water  drips  on  tlie  gtslct  and  on  the  spinning 
funnel  through  which  the  yam  must  pass  More  en¬ 
tering  the  littsket.  Because  of  the  second  water  drip, 
the  Imskct  must  lie  perforated  with  holes  to  allow  the 
escape  of  the  wash  water.  Unfortunately,  the  yam 
must  lie  processed  in  the  form  of  skeins.  It  has  not 
I  teen  possible  to  process  the  yam  in  cake  form  M’uusn 
of  excessive  shrinkage  and  consequent  breaking  of 
the  wink  yam.  I*na*e*sli»g  consists  essentially  <*f 
thoroughly  wnshing  with  water  and  drying.  No  snaps 
nr  synthetic  detergents  are  used. 

The  amounts  of  earism  used  haw  lieen  such  that 
tlie  yams  contained  20  45  per  i-eht  earism.  Tlie 
strengths  of  such  yams  ate  very  low,  namely,  alssit 
O.lig  tlenier  compared  with  2  g  denier  for  cotton  and 
ordinary  rayim  and  ft  g  denier  fur  nylon  and  high- 
tenacity  viscose  yam.  'Hie  activity  of  the  earism 
drops  off  when  less  than  20  per  rent  Is  in  the  yam, 
presumably  liectinsc  the  earism  particles  arc  com¬ 
pletely  summnded  by  a  regenerated  cellulose  film. 
The  racism  cxhiliit*  fit)  HO  per  cent  of  its  original 
activity  when  present  in  the  yam  in  the  higher  con¬ 
centrations.  The  most  practical  jsniX'lilagc  inusi  Is* 
iletermineil  liy  imlancing  rase  of  fabrication  and 
durability  on  wear  against  the  activity  of  tiic  earism. 
In  the  ease  of  N-182  earism,  wear  and  dmmls'r  trials 
carried  out  shortly  liefore  the  end  of  hostilities  Indi- 
catrii  tin*  ls*st  Isdance  would  Is*  achieved  when  the 
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yam  contained  25  2S  |*>r  mil  enrfxm.54  Tin*  pro|x>r- 
tie*  of  yam  containing  30  per  mil  N-182  earlxm  am 
am  follow*: 


Dry  slrwiiftli 
Wet  MtmiKtli 
KxtewiMlity 
l-'rirtt«>ns«l  vmIik* 


0.0  c  'i  ten  ter 

Pnirt  Inilly  *rm  g  '<k<iift>r 

12- 10% 

Very  lii*fi 


27.5.1  Weaving  of  Fabric 

In  flic  prcixirutinn  of  woven  fabric*,  tlie  rurlsin- 
rayon  yam  wa*  used  exclusively  in  tlie  filling  Ix'enuse 
of  tbc  increased  case  of  fabrication  ami  the  antici¬ 
pated  letter  wearing  (|onlitic*.  Due  to  the  low 
Ntmigth  charnrleriHlic*  of  tlie  cari*»i-rayon  yam,  it 
wa*  necessary  to  incorporate  supporting  yams  in 
the  filling  to  incren*e  the  dry  ami  wet  strengths  of  the 
fabric.  Tlii*  wa*  accomplished  in  two  different  way*. 
In  the  early  experiment*,  a  Ixix  loom  wa*  employed, 
and  alternate  filling  thread*  were  of  rarlxm-myntt 
and  of  cotton  (( 'osta  fabric*).  A  lietter  methnrl  in¬ 
volve*  plying  the  earixin-myon  yam  with  nylon  prior 
to  weaving.  A  double  twill  construction,  which  i*  not 
apparent  to  the  uninitiated,  enable*  a  major  portion 
of  the  enrixm-myon  yam  to  lie  sandwiched  l**tween 
the  two  twill  layer*  and  thereby  increase*  the  dura¬ 
bility  of  the  fabric  to  wear.  Tlie  characteristics  of  the 
NI)R(  ■  ( 'arixm-Ruynn  Twill,  Scries  I  IS,  Type  171), 
were  a*  follow*: 

Construction:  Donlih  2x1  twill.  100  «:ir|i rudn,  10*  pjrk* 

Warp:  Wt/2  cotton  lived  01)7 

Killing:  02';,  CWS  N-IX2  rortsm  .v*m,  AW  denier  200  filn- 
monl.  Ilietl  with  30  10  nylon  (midynl)  tuniM  X, 
tlicn  |*lie*l  with  105  34  nylon  (lived  01)7)  5  OtniM  7,. 

Carlton  content :  0.0  m*  cm3 

Physical  elwmrt  eristics: 

\Veifclit :  '•  10  ox  *q  yd 

Wiirp  tetiMile  xtrviiKlii:  '• 

Dry  1 13  Hi  in. 

Wet  03  Hi,  in. 

Killing  tensile  slrengt  It :  '• 

Dry  1 15  Hi  in. 

Wet  1 10  Hi  in. 

IVnnenliility: '•  43  en  ft  *<|  -  ft  ntin  nt  0.3  in.  water 
|in<*Mtire. 

Ahmslon  resistance:  H.tl','  loss  in  M-cight  of  fttlirie  nf.cr 
2,400  mil*  in  Wyw-nlieelt  itlirtoinn  meter  at  3  |hmiimIs 
|in-.«mv  mill  3  (k.iiihI-  ten-ion. 

Itcsjslanec  to  It  r.-i|mr:k 

CIVS  IIH‘1  In H !  ( |  lircclivc  iti2,  Kticenomi  Arsenal  result  ):•- 
320  mill 

Mllli4  IMritiH'ter  inetliiNl  1  (3't  „K  It  in  It  ml  nir  n|e 
|ilml  mm  cm3  >n  23  ft 

Capticltj-  nt  iltl' ,  retention  eOieiettey :•  1,300  at  (in3 
Capacity  tit  U3' ,  n-leiilinit  e'lietettey:  2,1011  *A  cm3 
Caparitv  nt  !*)*,  retention  efliejenry:  2,30(1  ag  rm3 


'•Dttlti  olitained  ot:  S:tni|i)i'  No.  I4S  of  nearly  identical 
const  rncOoit.14 


Five  ihiHiKitittl  yarrl*  of  tJie  al*»ve  material  were 
pn*litce<l  and  evnlnat(*ti  by  the  Naval  Research 
Istlxtratory  in  wear  anti  chamlier  trials."  **  It  is 
anticipaterl  that  a  similarly  constructed  double  twill 
fabric  in  which  the  filling  yam  contain*  25  2ft  |x>r 
cent  activated  carlsm  ami  is  plied  twice  with  7t)  23 
nylon  will  lx'sti|x>rior  front  tho*tnml|>oiiit  of  numlx>r 
of  chnntlx'r  ox|>o*iires  protected  against  after  seven' 
wear,*4 

The  weaving  of  the  material  1*  slower  than  the 
weaving  of  hcrringltonc  twill  since  the  fabric  hits 
I  III  picks  in.  instead  of  45-50,  and  the  loom  efficiency 
is  not  so  high  as  in  the  weaving  of  a  cotton  fabric. 
However,  the  cx|trricnrc  obtained  in  tlie  pn<;>nmtinn 
of  the  11,000  yards  indicated  that  commercial  pnxlue- 
tion  is  feasible.  Following  the  weaving,  the  fabric  is 
given  a  water  rinse,  Sanfnritcd,  and  dried.  Htxt|>*  must 
not.  1)0  used,  and  synthetic  detergents  should  I** 
avoided.  Figure  I  is  a  diagram  of  the  textile  construc¬ 
tion. 

A  fabric  similar  to  that,  dcKcrilxxl  nlxivc  ram  I*1 
woven  using  a  enrix>n-myon  yam  prepared  from  a 
staple  filter  cotton  blend.  Indications  were  obtained 
that  garment*  prepared  from  such  a  fabric  (Maniple 
No.  155)  *  had  superior  wearing  qualities.5*-5*  Knough 
work  has  not  I  sen  done  to  demonstrate  the  pmetira- 
bility  of  currying  (Hit  tlw»  necessary  manufacturing 
o|)enitionson  standard  textile  machinery.  'Die  fabric? 
is  somewhat  heavier  and  not  so  flexible  as  the  fabric 
prepared  from  continuous  filament  yam.  tiarments 
prepared  fn»m  fabrics  (Samples  190  and  191)  similar 
to  the  NDKC  ( ‘arixm-Rayon  Twill,  Series  I  IS,  Type 
170 but  containing 3 1  permit  PCC  activated  rurixm 
instead  of  32  |**r  cent  N-IK2  activated  eurlion  |x*r- 
formtxl  as  well  as  the  Tyjx*  170  garments  in  a  wearing 
trial  and  elmmlH’r  test  supervised  by  the  Naval  Re¬ 
search  Ddxiratory.54  54  If  confirmed  by  future  work, 
this  would  demonstrate  tlmt  IVC  carism  can  lx* 
sulistitiited  for  the  X  IS2  curlxtn  without  sacrifice. 
Ijdximtory  ('valuation  indicates  the  fabrics  carrying 
the  l*(  V  curium  to  lx*  inferior  to  those  prc|mrcd  from 
the  N-IS2  carlxm. 

27.3.3  i ’reparation  of  Knit  Fabrics 

A  heavy  knit  fabric  can  !*•  prepared  from  eaiboii 
rayon  yam  by  the  use  of  a  Tompkins  knitting  ma¬ 
chine,  Hie  physical  and  textile  characteristics  of  such 
a  fabric  are  a*  follows: 

('■■•iMtnirtinii:  32' ;  ( AVS  \  |*2  earlsm  jura  A**)  il'-nu-r, 
2U0  filament  pla-d  vvilti  3H  I  cotton,  knit  on  Tntnpkin* 
marlncc  willi  our  rod  earlsm  y:i rtt  and  inn  21  I 
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Kiel  UK  I.  Diagram  nf  irxtilc  miistnirtiiin  ,,f  carlsm-ravon  >|:>ul>lc  twill  fabrics. 

l>Hlgln"l  »ln«»  »ar)i  l<>  !«•  is  iitcnsl  tn  lmr(ii**i  lishsfl*  lti|«-st  nf  mvr  mn»i*t«  nf  I a  t-iiila  n m I  IK  pick-  1  M,|  « nF| ■  rii.L.  :tr<' 

umiI  |»  ismi.l..  (ihi  iiii*  i.l  ■ul>..  «.\mi  .-ihU  >4  nth.,  »nti-  nf  rlnib.  Killing  i*  im|*i».HH*tl  1st  s.s-n  In \ <  r-  nf  »„r|>  rtitlv  i|,u» 
itfTiu ifinir  niftff  room  Mini  |ir«rt»ftntif  H  ti*nirt*f  tilir;M«*ti 


I 


I 


nillim  fur  the  face  mill  tin*  «nnio  rtmibiniilmii  fur  (hr 
I  inrk. 

Carlsm  content  :■  .t|>|inixiiitntcly  <t  hie  rnrlMiu  cm’ 

Weight  iiiimii»Ihs|:  I .VII  •«  »||  vil 

Weight  » imliril  :•  17.(1  or  *i|  yd 

Itinintiinre  In  II  vttfMir :■  \DUC  liirimrlrr  niclliml’  f(K) 
MC  II  in  12  ml  iiir  iiiijiIiisI  min  cm*  ill  21  Cl 
Cii|Mirlly  ill  IIK* ;  n-t i-n l inn  ellirieiirv :  MX)  me  cm’ 
(‘n|Birily  nl  HO'  j  rrlriillini  elhciency?  2,31X1  mX  rill’ 

XI >H( ’  ( ‘arlion-llnyon  Knit  Fabric  Sample  ISO 
eorresjsimts  to  the  li'sivc.  It  is  l>e!ievfs|  that  lighter 
fabrics  involving  flic  use  of  2(IO-dcnicr  carlsm-ravon 
yam  anil  30  I  cotton  can  also  Is-  knit  commercially 
on  a  Tompkins  machine,  lint  this  has  not  lieen  satis¬ 
factorily  ilcmonstratei). 

A  large  numlier  of  experiments  have  Iteen  carrieil 
out  to  make  {rossible  the  use  of  other  t  vis’s  of  knitting 
machines.  Due  to  the  fraying  ami  flic  frictional  char¬ 
acteristics  ol  the  unluhrirntcil  earlsm-rayon  yarn, 
all  these  attempts  have  Isvn  unsuccessful.  The 
Tompkins  machine  is  unii|ue  in  that  it  ihs-s  not  have 
sinker  slots  to  liecuino  cluggeil.  A  large  huuiIkt  11/ 
e\|H'rimcnts  have  also  Ims-ii  '•:••••  iixl  out  to  ilevelop  a 
siici’i’ssful  luhricant  for  the  , arn  so  that  the  other 
tyissi  of  machines  can  ls>  ii«ed.  Ddsimtorv  data  indi- 
Ciiteil  the  use  of  |0  |M<r  cent  ( 'arbowav  on  the  yarn  to 
Is*  preferable  to  other  luhricant-:  however,  a  knit 
fabric  prepansl  from  -uch  vam  gave  evidence  of 
inailiH|iiiitcly  protecting  subjects  when  worn  in  the 
form  of  -hurts  umlcr  chamlier  comlitions  ' 17 

27..*i  ft  l  se  of  Synthetic  Kilo*rs  Other 
than  \ in’iw  Kavnn 

Synthetic  lils'i-  containing  activated  carbon  have 
Imm’ii  prepared  u-ing  varioii-  celhilo-e  acetate  com¬ 
position*,''  and  various  vinyl  co|silvmcrs *  It  wa- 
found  in  preliminary  e\|>e!i;nentx  that  plain  fabrics 


woven  from  the  ccllulos<‘  acetate  yarns  containing 
10  15  |>er  cent  activated  carlsm  ap|>eared  inferior 
when  evaluated  by  the  XDHC  titrimeter  method.4 
Two  tyfb’s  of  fabrics  pmpansl  from  vinyon  yarn  M 
containing  25  |K*r  cent  carlsm  |s’rfot nasi  very  well  in 
the  XDIM*  titrimeter  test.4  One  was  an  cxficrimciital 
hand-woven  fabric  with  large  citrlsm-vinyon  yarns 
in  l«**‘:  «!<e  warp  and  the  filling.  This  fabric  was  p re¬ 
port'd  to  simulate  a  filter  cloth  and  was  unsuitable 
for  the  preparation  of  garments.  The  other  was  a 
light-weight  woven  fabric  prepansl  fnint  eotton- 
vinyon  staple  fils>r.  A  preliminary  arm-cliamlsT 
evaluation  of  this  material  at.  the  Naval  Hesearcli 
Lilsinitorv  imlieated  it  to  Is*  slightly  inferior  to  the 
enHsm-coatcd  fabric.51  Since  no  facilities  were  avail¬ 
able  for  t.lii'  production  of  the  material  even  if  further 
work  hail  created  a  demand,  work  on  vinyon -carl  hiii 
fabrics  was  di-eontinmd. 

27. .1.7  I’resenl  Status 

It  has  Itecii  demonstrated  that  woven  fabric  con* 
taming  continuous  filament  carbon-rayon  yarn  can 
Ik’  produced  u-ing  standard  ti’\tih*  (‘i|uipm',nt.  The 
material  »>a>  a  higher  carlstn  content  {st  unit  tirea 
than  other  types  of  carlsm  fabrics  and  Iiils  a  desirable 
"hand.”  It-  protective  pro|S'rtics  after  severe  wear 
are  sii|S’rior  to  that  of  other  carbon  fabrics.  However, 
it-  durability  in  wear  is  inferior  to  herringbone  twill 
coatisl  or  imprcgnatial  with  carlsm,  the  increase  in 

weight  on  wetting  with  water  is  greater,  and  tin . . 

i-  e-timatisl  to  ls>  approximately  twee  that  of  the 
coated  fabric  Tin  thorough  (valuati,.u  'if  the  li.tKK) 
yanls  of  woven  fabric  should  provide  a  hu-is  for 
tut  tire  decision-  concerning  the  v  al.ie  of  the  material. 
The  woven  fabric-  piepared  fiom  the  curlmti-ruyou 
staple  filH’r  ami  the  knit  fabric-  prepansl  from  the 
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eontinuous  filament  yam  have  not  lx*cn  nnxturcd  on 
a  law  enough  scale  or  evaluated  thoroughly  enough 
to  cnnhic  a  decision  to  lx*  reached  ax  to  their  value. 
The  knit  fahrie  wihiIiI  seem  to  have  only  limited 
usefulness  in  tlx  preparation  of  underwear  and  s*x*ks 
lx*cnuse  ot  its  weight  and  textile  construction,  hut 


it  should  lx*  well  suite*!  for  the  preparation  of 
glovex. 

Cellulose  acetate  earlxm  yarns  do  tad  ap|x*ar 
promising,  hut  vinyon  and  otlior  synthetic*  yams 
containing  earlxm  should  lx*  more*  thoroughly  in- 
vestigated. 
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Chapter  28 

DETERIORATION,  LAUNDERING,  AND  DECONTAMINATION  OK 

CARBON-TREATED  FABRICS 

By  tfrnier  Atlkin*  ami  Wilkin *  Hrtvc 


28.1  INTRODUCTION 

UK  kxtknt  of  deterioration  of  oarlsin-t  rented 
fabrics  litis  lux'll  studied  tinder  :t  va- 
riely  <>f  ox|s*rinientnl  conditions  in  order  to  assess 
Is'ttor  their  pmlsible  protective  value  in  the  field.  To 
In'  of  pmctieal  value  under  field  conditions,  protective 
garments  must  not  only  provide  a  misonnhle  degree 
of  protiYtion  when  new  lint  must  retain  an  appreci¬ 
able  percentage  of  tlieir  original  protective  properties 
after  living  siibjtx'trxl  to  those  venditions  which  will 
Is*  encountered  in  practice,  namely,  storage,  wear  (in- 
eluding  (lerspimtion  and  .soil),  laundering,  and  de¬ 
contamination.  (’nrlsin  garments  (by  “earlion"  or 
"chloramide"  fabrics  or  garments  is  meant  “car¬ 
bon-treated”  or  "chloramide-t  rented”  fabrics  or 
garments)  prepared  by  a  variet>  of  pmccdurcs  ait* 
elmmoteriaed  by  outstanding  storage  stability.  Tliey 
an*  partially  inactivated  by  treatment  with  fuel  oil 
or  jsTspimtion.  Chapter  27  should  lie  consulted  for 
a  description  of  the  fabrics  discussed  in  this  eluipter. 

Methods  of  laundering  and  decontaminating  car- 
Ism  fabrics  have  licen  investigated  and  a  practical 
prowxlurc  developed  which  laitli  cleanse#  the  gar¬ 
ment  and  removes  the  major  part  of  whatever  ad- 
sorisxl  II  ibudH-chlnmcthyl)  sulfide]  is  present. 
Ordinary  soap  cannot  lie  used  lieeause  it  inactivates 
the  carlsin. 


28.2  DKTKRIOR  \TION  ON  STOR  VOK 

\  I)  KXPDSt'RK  TO  NTMOSI’HKRK*,;,w  '* 

dimples  of  mrisin-coabxl  hcrringlsme  twill,  cur* 
lKin-imprcgnut<x|  herringlMinc  twill,  and  curlmn-rayon 


fabric  have  lieen  subjected  for  several  months  to  out¬ 
door  exposure  and  to  simulated  tropical  storage. 

In  the  outdoor  exposure  tests,  samples  worn  cx- 
posed  from  May  to  Novemlier  on  -Ift-degi-ix*  angle 
racks  facing  south.  ».,x|si#ure#  were  curried  out  in 
Washington,  D.C.,  and  in  Florida.  II  penetration 
linn's  wen*  dctcrmiutxl  by  the  Naval  Ri*si*an'h 
isilmmtory  metlusl  (six*  Chapter  20)  each  mouth. 
The  penetration  times  decreased  during  the  first 
month  except  in  tfie  wise  of  tin*  carlsm-rayon  fabric 
(Table  I ).  After  this  initial  decrease,  the  pcnctmtion 
times  remained  sulistantially  unclnuigixl  during  the 
sucxxxxling  months  except  in  the  case  of  the  carlsin* 
impregnated  heiringlsine  twill  prepared  by  the  sine 
ammonium  alginate  process,  a  Inch  showed  signs  of 
failure  after  4  months.  This  length  of  time  under  the 
exposure  condition#  employed  isixpiivalent  ton  much 
longer  period  of  wear  than  would  ever  ls>  encountered 
in  practice. 

Storage  tests  have  licen  carries  I  out  to  determine 
tlie  decrease  in  II  resistance  of  carlsin  fabrics  stored 
at  mom  temperature  und  under  simulated  tropical 
storage  conditions  Isith  ulone  and  with  elilomnride- 
impregnatexl  fabrics,  When  stored  at  ns»m  tempera¬ 
ture,  the  chlommidc  fabrics  have  littk*  effect  on  the 
II  resistance  of  tlie  carlsin  fabrics.  Under  simulated 
tropical  storage  conditions,  the  cnrism-coatcd  fabric 
stored  with  chloramide  fabrics  was  adversely  affected ; 
tls*  penetration  time  of  the  carlsm-rayon  fabric  was 
not  decreased  «m  storage  with  tu|ueous-impn*gnat«x| 
chlommidc  fabric,  but  tin*  |K*netnition  time  was 
halved  after  storage  with  solvent-impregnatrxl  chlom- 
mide  fabric.  Tlie  data  are  given  in  Table  2. 

Tin*  deterioration  of  carlsin  fabrics  prepared  with 


T \hi.k  t.  II  re-l-mnre  tins1*  (Nltl.  method)  of  mrlmn-imiUxi  fitlirlcs  after  <Hit<liHir  oxinmite.’ 


CnrltitHiMinl  fnlirte  litrl-uemyon  fnlirlr  liirlmiolmiinKtiutiHl 

( March  model  >  (Co-ta  fabric)  fabric  (May  model ) 


Kx|MMtirc 

( Wn-h.) 

!  Horsts  i 

(Wn-h.) 

(Klortila) 

(Wa-h.) 

1  Iriiooitt  value 

411  min 

•*>72  miu 

110  miu 

1  month 

23H 

204 

.fi7H 

2011 

212 

2  mouth- 

I4S 

270 

200 

204 

324 

3  month- 

207 

243 

ran 

47.i 

... 

4  month- 

227 

210 

.W0 

403 

327 

.*•  month- 

2OT 

272 

.i47 

5I!I 

107 

tl  mouth- 

200 

27o 

77S 

Oil 
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T«hi.K  2.  It  u>#l«tMiicc  Hum*  (Mil.  mctlsxll  «f  curl  mil* 
imnetl  fiiltrie*  xiimxl  with  rlilnmmlilMmtuxI  rtutW 

IVncirnlkm  limp  (NHL  metis*!) 


mrlxitM'ontisI  rnrism-myntt 
fnltrir  fnttHc 

m  fttnrngp  conditions  (Mnrcli  mmM)  (foot  it  fnlirie) 


Original  vidnc  III  min  *)72  niln 

IV  nm  1 10  V  7>V  {,  III  I  277  min  . 

«  nm  110  K  7.Vi  Itll  +  sob 
mil  elilnmnilitr  cloth  114  min  27U  min 

ilmnlllVK -7.V;  1111  -f  nqim- 
onx  eltlornniidc  doth  30  min  700  min 

(tmoroomtrmiirmtiirr  +« 4- 
vrni  rhhimmidp  cloth  3-V)  mlp  34.1  min 

(l  m«  nsirn  trmtirmnirr  +■ 
aqueous  chlommide  cloth  33fl  min  420  min 


inlilmr  latex  an  it  hinder  hod  Iteon  invent  fatted  earlier 
in  the  I’nitcd  Kingdom  and  round  to  lie  rapid  under 
certain  conditions.'*  To  a  certain  extent,  thin  wan 
canned  by  the  degradation  of  the  binder  and  nulme- 
qnent  adsorption  by  the  earlsm  of  the  decomposition 
prodiictf*.  On  exposure  to  the  atmimpliere,  the  British 
fabrics  suffered  a  loss  of  protective  times,  as  meas¬ 
ured  by  the  Spotted  Dick  procedure,  of  such  a  magni- 
tilde  that  the  penetration  time  of  n  fabric  having  an 
initial  value  of  140  minutes  would  decrease  to  10 
minutes  after  ft  weeks*  exposure.  It  was  shown  that 
this  lorn*  was  due  to  the  adsorption  of  an  atmospheric 
impurity  rather  than  to  a  breakdown  of  the  rublier 
latex  binder,  since  fabrics  containing  no  binder  lie- 
hnvrd  in  a  similar  manner.  The  activity  ctnild  lie 
completely  restored  by  an  acetone  extraction  unless 
the  exposure  hail  laxm  at  a  temperature  of  101 1*  or 
higher,  in  whieli  case  the  fabric  could  not.  lie  revivi¬ 
fied.  Strong  sunlight  bad  a  similar  effect,  but  to  a 
lesser  degrre.  Penetration  times  of  fabrics  stored  2 
weeks  at  a  temperature  of  104  K  under  moist  con¬ 
ditions  were  reduced  to  15  per  cent  of  ilu  ir  original 
value  and  could  not  Is*  restored  by  acetone  ext  ruction. 

28.3  DKTKRIOR  \TION  IH  K  TO  TRK\T 
MKNT  HITII  WIUOIS  Sl’BSTtNCKS 

The  resistanei'  of  earlsm  fabrics  to  11  vapor,  as 
determined  in  the  lidsiratorv,  is  not  lost  on  treat¬ 
ment  with  a  wide  variety  of  water-soluble  jsilnr  re¬ 
agents,  including  sueli  widely  diverse  compounds  ns 
low  molecular  weight  alcohols  (no  appreciable  ef¬ 
fect),5  cellulose  Mini  bale  (used  in  preparation  of 
rnrlsin-contcd  mid  carlsm-mvoii  fabrics),''  and  solti- 
tions  of  hypoehlorites  (eamlidate  derontaminunts).' 

Volal  ile  solvents,  such  as  gasoline  and  toluene, 
have  little  or  no  effect  .*•*  Only  a  limited  numlier  of 


ehamla'r  evalimtlons  have  isi'ii  carried  out  to  con¬ 
firm  tiie  conclusions  arrived  at  on  the  basis  of  the 
National  Defense  Research  Committee  fNDIM'j 
titrimeter  If  resistance  tests."  In  the  ease  of  the 
Heriea  148  carixm-myon  fabrics,  the  numta'r  of 
standard  ehamlier  exposures  for  which  subjects  are 
protected  against  II  vapor  may  la>  deereased  from 
ten  to  seven  following  a  mild  laundering  w  it  It  Knlye- A 
(iui  inorganic  detergent  eoni|>osod  of  75  |M<r  cent 
siaiium  metasilicate  and  25  per  rent  tetrasodium 
pyrophosphate;,  even  though  the  Inlsimtory  test  in- 
dientes  Imt  little  change  in  the  fabric.' •"  After  this 
initial  ileerease,  the  numlier  of  ehamlier  ex|Nisures 
witbstiKsI  by  subjects  is  relatively  eonstnnt  regard¬ 
less  of  wlietlier  the  initial  decrease  ia  caused  by  wash¬ 
ing  tlie  garments  with  0.2  per  cent  Kalye-A,  or  by 
first  subjecting  the  garments  to  a  scries  of  rlmmlicr 
exposures  and  then  laundering  with  Kalye-A. H 

Inaetivation  of  the  earlsm  may  ls»  due  to  either  the 
preferential  adsorption  of  another  material  or  the 
mechanical  coating  of  the  activated  rarlsm  by  an 
ll-resistant  film.  In  the  first  ease,  II  lulsorlssl  on  the 
earlsm  may  ls>  dewirlssl,  and  further  adsorption  of 
II  is  prevented.  In  the  second  ease,  the  earlsm  may 
still  Is1  active,  hut  it  is  not  possible  for  the  It  vapor 
to  come  in  contact  with  it.  The  following  sections  list 
the  sulistanres  known  to  inactivate  tls*  earlsm. 

Mixkral  Oil  * 

(’homlior  tests  with  human  subjects  have  shown 
that  curlsm-myon  garments  leak  or  desorb  II  vapor 
where  fuel  oil  has  lieen  spilled.  Rubbing  H  vnpor- 
eontiiminated  earism-rayon  garments  with  an  oil- 
saturated  mg  causes  the  desorption  of  previously  ad¬ 
sorb'd  II.  Carlsin  garments  contaminated  with  oil 
can  Is*  laundered  with  Kalye-A  and  restored  to  a|>- 
proximatel.v  their  original  activity.  It  is  apparent 
that  garments  grossly  contaminated  with  oil  should 
not  ls>  worn.  Tim  es  o!  oil,  such  ns  wisild  Is'  obtained 
from  handling  rifies,  air  lielicvcd  to  lie  without  effect.. 

S-330  <  liXTUKVr  * 

It  has  lieen  demonstrated  in  elmmls>r  tests  that 
garments  prepared  from  the  cailsm-nivon  faliries  and 
worn  in  contact  with  S-JW0  ointment,  provide  less 
protection  than  the  rariam-myon  fabrics  uncoil- 
tumiimtcd  by  S-3'H)  ointment.  It  is  Is'licved  that  the 
triiu'etin  vehicle  «.f  the  ointment  i-  preferentially  ad¬ 
sorbs!  by  the  earlsm. 

Soap  AND  SvXTIlK.TH*  DkTKUUKXTS 

Treatment  of  earlNin  faliries  with  soup  solutions 
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under  the  usual  laundering  ctmditions  causes  the 
adsorptive  rapacity  of  the  carlsm  fabric  to  fall  to 
onc-thin!  to  one-half  its  original  value.*"4  The  extent 
of  the  decrease  depends  on  the  presenee  of  builders, 
the  concentration  of  the  soap,  etc.  Tlie  addition  of 
certain  compounds  such  as  ammonium  hydroxide 
and  sodium  phosphate  lessens  the  loss  in  ponct ration 
time,  Synthetic  detergents  such  as  Kalye-A,  Nae- 
conol  Nit  (an  alkyl  naphthalene  sulfonic  acid  stslinm 
salt),  and  Triton  770  (sodium  ary!  alkyl  polyethcr 
sulfate)  caused  much  less  loss  in  the  penetrntion 
time  than  did  soap.'"4-*14  Of  these,  Kalye-A  is  pre- 
ferml.’-'4  Carlsm-coated  fabrics  having  an  initial 
pen^tmtion  time  of  170  100  minutes  unlnundcrrd 
hud  a  penetration  time  of  07  minutes  niter  five 
launderings  with  a  0.2  per  cent  Knlye-A  solution  at 
100  F;  with  a  0.5  per  cent  Triton  770  solution  con¬ 
taining  0.25  per  cent  ammonium  earlsmnte,  the 
corres|H»nding  value  was  15  minutes.* 

Perspiration  '*-'4 

Tlie  rapid  decrease  in  the  protective  properties  of 
carlsm-nivon  and  carlsm- naifed  garments  on  w«*nr 
is  due  in  part  to  the  hiss  of  enrisin,  but  mostly  to  the 
inactivation  of  the  carlsm  by  perspiration.  Data  ol>- 
tained  following  the  second  Marine  wearing  trial  at 
( 'amp  Iicjcunc,  North  Carolina,  in  1945  show  that 
carlsin-rayon  garments  (Type  170)  after  2  weeks’ 
wear  providisl  adequate  protection  for  two  1-hour 
exposures  against  II  at  a  concentration  of  ID  mK  I. 
New  garments  protect  for  an  average  of  4.5  exposures 
against  40  «<g  I.  Curiam  analyses  on  the  same  gar¬ 
ments  indicate  that  approximately  22  jrer  cent  of  tin* 
carlsm  was  lost  during  this  pericsl.  Following  this 
initial  rapid  decrease,  tin*  loss  in  the  protective 
properties  of  the  curiam i  ayoti  garments  during  tire 
siilsss|ucni  |>art  of  tin*  wearing  trial  was  in  propor¬ 
tion  to  tic*  lews  of  enriam  from  the  garment.  In  the 
case  of  the*  eurism-coutcd  fabric,  carlsm  analyses  in¬ 
dicated  one-half  of  the  curlsrii  to  la*  lost  after  4  weeks’ 


wear.  In  the  cham!**r,  the  garments  protected  for 
an  average  of  1.0  1-hour  exposure’s  against  5  pg  I, 
when*as  the  new  garments  provided  protection  for 
six  I -hour  exposures  against  29  Mg  l.  The  data  corre¬ 
lating  tlie  loss  in  protective  properties  as  measured 
by  chamlier  exposures  and  the  loss  of  carl  sin  for  the 
rurlsm-i’onteri  (8  38  run)  and  the  carlsm-myon 
twill  (Series  179)  an*  given  in  Table  3. 

2*.»  LAUNDKRINfi  AND  DRY  CLEANING 
OF  CARBON-TRKATKD  FABRICS 

The  preferred  laundering  prts’edure  for  all  types  of 
carlsm  fabrics  involves  treatment  at  approximately 
150  K  for  a  15-minute  periisl  with  0.2  0.5  |s*r  cent 
Kalye-A  followed  by  three  5-minute  rinses  with 
water.’  *  '4  The  use  of  Kalye-A  is  recommended  lie- 
cause,  unlike  soap,  it  has  little  effect  on  the  ad¬ 
sorptive  properties  of  the  carlsm  as  mcauunxl  in  the 
talsimtory  *  and  by  rhnm!>er  tests.14  It  is  utmost 
certain  tlint  the  effectiveness  of  carlsm  garments  as 
evaluated  in  a  toxic  gas  rhamtier  will  In*  seriously 
impaired  by  one  or  more  launderings  with  simp  al¬ 
though  there  are  no  chamlier  data  liearing  on  this 
point,  Garments  laundered  with  Kalye-A  are  ef¬ 
fectively  rleansnl  of  dirt,  oil,  and  rosin,  and,  in  addi¬ 
tion,  any  II,  UNI,  or  IIN3  ndaorlicd  on  tlie  curlsin 
is  nearly  completely  removed.'-**-14  The  tensile 
strength  of  the  carlsm  fabrics  is  not  materially 
lessened  by  the  laundering  treatment.*  Nacconol  Nit 
h»»ii  isen  used  to  lnund»r  cnrlsm  fabrics,  but  pro¬ 
gressive  loss  of  activity  results.4-* 

Knrly  British  work  showed  tin*  Spotted  Dick  pene¬ 
tration  times  of  their  carlsm  fabrics  to  Is*  relatively 
unaffected  by  low  Isiiling  candidate  dry-cleaning 
solvents  such  as  petroleum  ether  (bp  90  HOC),  ear- 
lam  tetrachloride  (bp  77  C ).  or  trichloroethylene 
(bp  H7C).  (hi  the  other  hand,  deciiliuc  (bp  100 C), 
and  a  |s*t.roleum  fraction  distilling  around  180  (‘ 
caused  a  major  loss  in  |ienetnili»n  time.'* 


T vhi.k  3.  Ctuinils-r  !«•«»-  with  iimt  cnriioii  muti-ntx  n?  worn  cnrtsm-trcnlisl  gnms-ilt*."” 11 
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( 'orl*>n-c<intcd  fabric*  !ih vc  liml  their  I!  vapor 
penetration  time*  minced  by  over  50  per  rent  nfler 
lining  *pruycd  with  a  light  machine  oil  or  kenwene. 
After  MMtkitiR  the  kcruMcnr-contamlnntcri  fnbrie  in 
tetrochlorrathylenc,  toluene,  nr  low  mnlcculiir  weight 
nliplmtlr  alcohol*,  and  nir  drying,  tlte  II  penetra¬ 
tion  time*  were  mined  to  more  than  tlieir  original 
value*.5-1 

Chamlter  tent*  have  lieen  carried  out  on  cartmn- 
routed  garment*  which  were  exposed  on  nubject*  to 
II  vapor  until  the  nuits  failed  to  protect,  taundemt 
with  Kalye-A  (thi*  treatment  proved  to  lie  of  relu- 
•«»lv  little  value  in  thi*  one  nine),  and  again  expo*** I 
..id  the  *uit*  tailed  to  protect.  Honking  tin*  garment* 
in  trichloroethylene  reactivated  the  garment*  *uf- 
ficiently  no  tlint  nubject*  were  protected  for  two  ex- 
INiniirc*  in  the  chamlier  compaml  with  an  original 
value  of  three.*-5 

211,5  DECONTAMINATION  OF  OARIION- 
TR KATE!)  F AURICS 

'Hie  removal  of  1 1  from  a  carl  ion  fabric  by  a  15-min¬ 
ute  Kalye-A  laundering  ha*  lieen  nhown  to  la*  moot 
complete  at  a  high  temperature  (175  F)  with  0.5  per 
cent  Knlyc-A  notation ;  if  a  lower  temperature  in  em¬ 
ployed,  the  concentration  «if  Kalye-A  xh«*dd  lie  in- 
crca*r*l.'  Fabri*-*  which  were  treated  with  five  cycle* 
of  con'aminntion  with  II  vapor  and  decontamination 
with  0.5  per  cent  Kalye-A  notation  at  175  F  have 
nhown  little  Ion*  in  their  ability  to  ndxorb  II  a*  nhown 
by  retention  efficiency  meanurement*.1  Chnmlier 


data  indicate  garment*  *ubj<>etcri  to  live  cycle*  of  a 
nimilar  nature  will  protect  nubject*  for  25  45  per  cent 
of  tlie  time  new  garment*  will  protect.14  (larmcnt* 
were  found  to  protect  for  approximately  two-third* 
the  time  of  new  garment*  when  laundered  once  under 
tlie  nl*tve  condition*  on  a  plant  ncale  and  worn  by 
nubject*  exponed  to  II  vapor  under  the  u*uat  cham¬ 
lier  condition*.'4  Coder  plant  condition*,  the  175  K 
laundering  caunc*  exccnnive  removal  of  the  carlrnn 
from  carlKin-rayon  fulirir*.'-1'4  For  thene  reasons, 
laundering  at  150  F  i*  preferable.14 

Other  rapid  method*  for  the  dix’ontnmination  of 
garment*  contaminated  with  the  vapor*  of  II,  IIXI, 
or  IIX3  include  ( 1 )  Ixiiling  with  water,  (2)  immeraion 
in  cold  nqitcoUN  *u*pcn*ion*  of  a  chloramide  *uch  a* 
HI  1-105  containing  w*lium  carl* mate  a*  a  lailTer,  and 
(3)  immeraion  in  bleach  nlurrie*.'  Tlie*e  treatment* 
do  not  injure  the  tennile  projiertie*  of  the  fabric, 
and  may  lie  of  value  for  the  decontamination  of  car- 
Ixm  clothing  under  emergency  condition*  in  the 
field.' 

Carl *m  garment*  contaminated  with  either  It, 
tfXl,  or  11X3  are  Mclf-dcrontaminating  if  Mtored  lor 
a  few  day*  under  condition*  of  high  humidity.  In  the 
cane  of  IIXI  and  IIX3,  thi*  proce**  i*  quite  rapid 
under  Wonhington  Mimmer  condition*.  Exam  with 
II,  however,  wtorage  at  80  F  and  95  per  cent  relative 
humidity  for  7  day*  cau*e*  the  “active”  II  content 
of  rarlmn-rnyon  fabric*  containing  800  gg/cm*  to 
docrmno  to  87  jig/cm5.  No  pronounnxl  In**  of  II, 
IIXI,  anil  IIN3  occur*  at  relative  Immiditie*  of  le** 
than  50  per  cent." 
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LABORATORY  EVALUATION  OF  PROBABLE  PROTECTIVE  VALUE 

OF  FABRICS 

By  //outer  Aitkin*  iiihI  Wilkin*  Hirin' 


20.1  INTRODUCTION 

Tiik  rkal  KWtenvKNRHR  of  a  f(U>Hr  in  protect  in* 
a  man  against  a  vesicant  ran  lie  ascertained  only 
l>y  men  wearing  garments  math*  of  the  falsie,  in  a 
toxic  atmosphere  under  realistic  renditions.  How¬ 
ever,  a  lulaimtory  methisl  for  comparing  the  pro) mi dc 
protective  value  of  fabrics  ia  eaaential  aa  a  guhlr  for 
resrarrh  in  tlie  development  and  improvement  of 
protective  fabrics,  TIh*  ultimate  objective  of  thia 
reaeareh  ia  to  produce  falirica  that  will  protect  men 
for  a  reasonable  period  against  th<'  concentrations  of 
mustard  gas  (II)  or  other  veaicanta  which  are  likely 
to  la*  encountered  in  the  fiekt.  However,  the  im¬ 
mediate  objective  ia  to  develop  fnhrira  which  will 
withstand  aa  long  aa  pnaaihic  the  inevitable  dcteriom- 
tion  in  the  protective  value  of  a  fabric  which  mmra 
durinjt  storage,  wear,  and  laumlcring,  la*fon*  it  ia 
called  upon  to  pn»t«*ct  tin*  wearer.  Many  fabrica  nre 
sufficiently  protective  wlien  first  made,  but  thia  ia  not 
sufficient.  An  acceptable  fabric  ia  one  that  provhles 
a  reserve  against  deterionition  in  protective  value. 

A  lalsimtory  meth<*l  for  evaluating  protective 
fabrica  should  make  it  fmssiblr  to  determine  quickly 
and  rather  accurately  the  ca|Mieit,v  of  tin*  fabric  for 
detoxifying  or  adsorbing  II.  It  should  also  indicate 
the  efficiency  or  completeness  with  which  the  toxic 
agent  is  remover  I  from  aii  airstrenm  pns-ing  through 
tin*  fabric. 

20.2  TKST  PROCKIH'RKS 

Tlie  method*  available  from  the  Artisd  Service* 
did  not  pnive  to  la*  entirely  satisfactory.  Tlie  British 
Hpottcd  Dick  teat  was  tlie  simph*at  pnsvdure  avail¬ 
able  for  estimating  the  protection  afforded  by  perme¬ 
able  materials,  ami  waa  user!  early  in  the  cloth-testing 
pr.ignim."  "  It.  is  rnrri<*d  out  by  placing  a  drop  of  II 
in  a  small  cavity  lieneeth  a  sample  of  tlie  material 
to  Is*  evaluated.  Tlie  cloth  is  covered  with  a  paper 
containing  sodium  carlamate,  and  thia  in  turn  is 
covens  I  with  an  indicator  paper  consisting  of  Congo 
nil  paper  spotted  with  a  chloramide.  Diffusion  of  li 
through  the  fabric  ami  reaction  with  the  chloramide 


on  the  teat  paper  releases  hydrogen  chloride,  which 
collars  the  appearance  of  a  blue  color  tin  the  test- 
paper.  The  “pmtective  time"  is  tlie  tins*  elapsing 
liefon*  the  Iduo  color  develops.  Tlie  procedure  is  rapid 
and  no  clalairate  equipment  ia  ncretoary.  However) 
in  tlie  course  of  a  considerable  numlier  of  testa  rarrietl 
•stt  untler  National  Defense  Hesearch  Committee 
[NDIUO  contracts,11  tht*  met  Inal  waa  ftaiiul  to  have 
at*riiHia  disadvantage*.  In  particular,  there  ia  a  very* 
large  day-to-day  variation  in  tlie  results  obtained, 
and  a  quantitative  measure  of  the  amount  of  II 
detoxified  or  penetrating  the  fabric  ia  not  oIh 
taim  d. 

In  a  teat  developetl  at  the  Naval  Research  Isdsira- 
tory  [XUf/J,  air  saturated  with  II  nt  30  C  ia  kept  in 
motion  by  a  fan  on  one  side  of  a  fabric  sample  ill  sq 
cm  in  area.  A  current  of  clean  air  is  passed  over  the 
otlicr  surface  of  tlie  cloth  at  the  rate  of  200  ml  min, 
and  carries  tlie  II  diffusing  through  tlie  sample  into 
a  buldder  containing  5  ml  of  0.001  A*  auric  chloride 
solution.  Kach  buliblcr  ia  equivalent  to  0.0  0.0  mg  of 
II,  tlie  end  point  lining  determined  potent  iometrically. 
Tlie  operation  ia  repented  and,  for  successive  meas¬ 
urements,  i*oiicentration  of  II  in  tlie  air  current  is 
plotted  against  time  os  measured  from  the  licgiuniiig 
of  the  test.  "Mieak  time"  for  a  sample  is  the  perhal 
elapsing  until  the  concentration  of  II  in  the  air 
readies  50  *ig  I.  TIm*  humidity  of  air  passing  over  the 
sample  con  lie  adjusted  in  the  Nltb  procedure,  and 
the  concentration  of  II  in  tlie  applied  nir  ran  Is* 
readily  varied* 

The  XKI<  procedure  was  designed  in  tlie  hope  that- 
it  would  correspond  mote  clearly  to  conditions  en¬ 
countered  in  nctual  warfare  than  tlie  Chemical  War¬ 
fare  Service  £( 'WSJ  dynamic  test  deacrilsal  Im*Iow.  Ill 
the  latter,  air  is  forced  thniugh  the  doth,  whereas  it 
hud  ls*en  found  that,  when  nir  blows  against  doth,  a* 
in  a  strong  wind,  only  a  very  small  pro|sirtion 
actually  penetrates  the  material.  However,  the  NHL 
prorcdorc  has  diswlvantagr*,  |s*rl»q>s  tint  gnulest 
of  which  is  that  tlM*n*  is  no  wav  of  determining  how 
much  II  has  liecn  actually  appliinl  or  prevented  from 
passing  through  the  sample  and,  consequently,  no 
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w«y  of  determining  I  ho  efficiency  and  ca  parity  of  a 
protective  material. 

A  later  procedure  developed  at  the  XltL  involve* 
applying  a  measured  amount  of  II  vapor  to  one  ride 
of  a  fiermeable  fahrie  and  measuring  ttie  amount 
whieh  diffuses  tlmsigli.  Hie  result*  of  thin  tent  have 
lieeit  rotn|Nin*d  with  chamlier  data;  the  bibliography 
shoold  Im*  consulted  for  a  discussion  of  there  data.’ 

In  tin*  ( *\VS  dynamic  method,  nceordinK  to  their 
Directive  102,  air  NO  85  percent  saturated  with  II, 
cartying  I  .03  1.20,  or,  on  tiie  average,  1.13  mg  1,  i* 
I  Kissed  through  a  sample  of  cloth  at  a  rate  of  200  ml 
of  air  |(er  minute.  Thu*,  on  t  lie  average,  0.23  mg  of  II 
pn**e*  into  the  sample  per  minute.  The  arra  of  the 
sample  specific)  i*  30  square  centimeter*,  and,  during 
the  te*t,  the  whole  ap|Htrtttu*  '*  held  at  30  C.  Tlie 
"pmti'etinn"  or  “resistance  time"  is  tire  peril*!  eln|ts- 
ing  Irfore  4.8  mg  of  II  has  penetrated  the  sample  i*f 
fahrie  untler  test.  '130*  is  the  time  required  to  de- 
colorin'  three  10-ml  |*ortion*  of  0.001, V  (Mdassium 
ilit  Inornate  in  20  |x>r  cent  sulfuric  acid  at  80  (’.  It  is 
assumed  that  1.0  mg  of  II  is  required  for  the  de- 
eolorication  of  one  huhhler  holding  10  ml  of  the 
dirhromutr  solution.  Tlie  protect iim  time  is  the  sum 
of  the  times  required  todecoloriae  eiudi  10-ml  portion, 
less  22  minutes,  the  time  requited  to  decolorise  the 
three  portions  when  no  sample  is  in  the  fahrie 
holder.4 

The  ( *\VS  met  hi* I  makes  it  possible  to  assign  to  a 
fahrie  a  single  numerical  value  which,  it  was  hoped, 
would  indicate  the  protective  value  of  the  fabric 
wh<>n  worn  in  an  atmosphere  containing  If.  The 
methiMl  was  developed  in  response  to  a  desire  for  a 
procedure  whereby  samph>s  could  lie  rapidly  and 
routinely  evaluat'd.  The  methi*l  suffers  certain  dis¬ 
advantage*.  The  lin'd  of  tl*  sample  is  such  that  it 
Im*  not  lieen  feasible  to  obtain  a  uniform  dislrilmtion 
of  the  airstream  over  tlu*  surface  of  t-lie  fabric.  Tlie 
methtsl  of  determining  the  concentration  of  II  in  the 
airstream  is  rat  1st  reliable  for  air  highly  saturated 
with  II,  Isit.  the  uceumrv  of  the  dichromale  <lctcr- 
niination  of  II  concent  rat  ion*  of  It)  30  jig  I  is  not 
g«**l.  Kxfierienei'  has  shown  that,  it  is  not  feasible  to 
nuslify  tlM*  im'thiMl,  as  by  changing  the  site  of  the 
sample,  without  getting  into  serious  difficulty. 

It  seemed  that  the  ( '\VS dvnauiic  test  was  sraind  in 
principle,  lint  could  Is*  improved  in  several  rcsjicHs. 
Hcemise  the  II  is  not  uniformly  distributed  over  the 
sample,  the  extent  of  nwtion  with  I!  vapor  in  dif¬ 
ferent  portions  of  the  sample  differed  with  different 
protective  agents.  It  is  not  possible,  with  the  CWS 


dynamic  methist  as  dcscrilicd  in  Directive  102, 1  to 
determine  the  changes  in  retention  efficiency  with 
increased  application  of  II  to  the  fahrie,  and  to  dif¬ 
ferentiate  clearly  between  the  retention  elHeieney  and 
tlie  capacity  of  a  fabric  for  detoxifying  II.  If  <l«'- 
pendenre  were  placed  on  the  CWS  test,  a  low  but 
luk'quatc  ea|Ntcify  in  a  fabric  would  sometimes  ol>- 
scure  a  high  retention  efficiency,  whereas  an  un¬ 
usually  high  en|>arity  would  sometimes  oiiscorc  a 
dangerously  low  retention  eflieieney.  Tests  mode  by 
tlie  <*WS  r*'tb<sl  indieated  tluit  S-401  was  superior 
to  VC-2  a*  an  impregnito,  although,  in  fact,  8- HU  is 
less  effective  than  is  (’(  -2. 

it  was  felt  that  a  staind  test  method  would  show 
tlie  progressive  change  in  the  effieieney  of  the  re¬ 
moval  of  II  from  tlie  airstream  by  tlie  fabric  as  (lie 
active  agent  was  exhausted.  Tlie  objective  was  to 
express  the  results  in  terms  of  tlie  effectiveness  of 
rt  moving  It  from  an  nirstreum  (retention  efficiency) 
for  the  application  of  known  amounts  of  II  per  unit, 
nrea  of  fabric.  Tilt*  method  which  was  ultimately 
adopted  .is  vmlsslying  these  characteristics  utilised 
the  North  •.<’  titrimeter  for  ascertaining  the  reten¬ 
tion  effic  '.icy  and  capacity  of  fabrics  for  detoxify¬ 
ing  II.* 

Tlie  reaction  of  Immune  with  II  pnreeds  through 
formation  of  an  nilditiisi  product  which  ricconiiMMC* 
slowly  to  form  tlie  sulfoxide: 
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In  the  Nortlmip  titrimeter,  II  from  an  airstream  is 
alworlicd  in  a  ludf  cell  containing  0. 10,1/  sulfuric 
acid  in  which  is  immersed  a  platinum  olcctrudc.  This 
i*  connected  to  a  standard  half  cell  (silver  clretn*lc 
in  0.10  M  silver  nitrate)  with  a  potential  equal  to 
tluit  attained  at  tlie  end  point  of  the  bromine-mustard 
titration.  Sinre  the  addition  of  bromine  to  II  is  not  a 
reversible  ox  illation -red  in  tion  reaction,  no  definite 
potential  is  set  up  in  the  titration  cell,  even  in  tlie 
presence  of  II,  until  an  excess  of  bromine  lias  Isxm 
added.  Tlie  Isirette  remains  open  until  tlie  end  point 
lias  l*x*n  exceeded,  wlwn  a  large  positive  (sitciilial, 
^•pending  on  tlu*  Hr"  Hr  ratio,  is  set  up.  A  current 
then  How*  through  a  galvanometer  circuit,  and  the 
lunette  is  dosed  eitiar  manually  or  automatically  by 
means  of  a  photoelectric  cell  and  relay.1  *  The  pre¬ 
ferred  titrimeter  wa* equip)**!  with  an  automatic  re¬ 
cording  unit,  which  mark'd  t Im-  owning  and  closing 
of  thclmrrttconnpuprr-covcn-ddmm  revolving  at  a 
constant,  known  s|*xxl.  The  instrument  gives  mi 
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iieenra*e  unit  almost  continuous  record  of  tlte  eon- 
ccnt  ration  of  II  in  Hie  air  w !tielt  Im*  |»ih*4<<I  through 
tin-  fabric. 

There  tiro  two  objectives  in  sotting  up  a  testing 
nictlnsl,  which  are sotnewlitit  inmmpnt it*!**  with  eaeh 
oIImt.  Oh  is  lo  obtain  a  method  l»v  which  a  sample 
ctm  Is*  evaln:ite«i  rapidly :  tin*  oilier  is  to  tost  tin1 
faltrie  with  ttir  ■•ontanvnated  to  tlie  level  which 
may  In*  expeeted  in  the  fioltl.  Tin*  mint  convenient 
concent  nit  inn  of  fi  \apor  for  rnpiil  ilctermination  is. 
as  in  the  ( ‘‘VS  methisl.  800  1,200 /at  I  of  nir,  whereas 


a  eonrentnilion  of  10  50  an  I  would  lie  encountered 
in  the  fioltl.4 

Ttietv  is  little  Imsis  for  n  judgment  tin  to  tin*  most 
realistic  rate  of  tipplietilittn  of  If  and  air  to  the  fabric, 
primarily  liernuse  wo  do  not  know  sit  what  rate  air 
passes  through  a  garment  worn  h.v  a  limn  moving  in 
air  at  various  rates  tip  to  20  mph.  Tlte  average  rate 
of  flow  through  the  fabric,  aeeortling  to  the  stantlartl 
dynamic  (*\VS  test,*  is  only  a  few  thousandths  of  a 
miie  all  hour.  This  may  seem  to  Is*  unrealistic,  ami  it 
might  seem  that  a  soldier  in  the  field  would  not 
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normally  Ik*  in  an  atmosphere  so  nearly  static.  On 
the  other  hand,  if  well  may  Ik»  flint  tin*  rate  of  air 
passage  through  u  garment  is  of  thin  order  of  magni- 
tu«le,  even  when  the  indi\  idual  in  walking  in  a  brisk 
wind.  The  netual  rate  of  airflow  thnmgli  the  sample, 
under  CIVS  Oinvtive  1(12,*  is  not  known,  since  the 
rate  variex  at  different  points  in  the  sample.  If  the 
distribution  were  tmiforin  over  the  whole  area  of  the 
sample,  it  would  l»e  I  ml  min  ems  of  fal>rie. 

For  tin*  XDR(’  titrimeter  method,  two  rates  of  air- 
flow  were  ultimately  elioxen,  i.e.,  2f)  liters  per  hr  or  4  i 
ml.  min  'em5  (exposes!  area  of  riot  Is  wax  7.5  cm1),  and 
4.5  liters  per  hr  or  10  ml  min  cm5.  Tlie  rate  of  II 
application  to  a  text  sample  wax  varied  not  «mly  by  a 
change  in  t  he  airflow, but  also  by  m hieing  t  lie  concen¬ 
tration  of  vesicant  in  the  air  at  a  given  rate  of  airflow 
thnaigh  the  use  of  di-ri-lmtyl  phthnlute  to  dilute  the 
II  in  the  saturator,  ax  practiced  nt  the  Naval  Research 
Laboratory.  By  a  combination  of  these  two  devices, 
a  wide  range  of  application  rates  wax  available.  <  )f 
these,  the  preferred  rates  were:  an  airflow  of  20  liters 
per  hr  through  pure  II,  which  resulted  in  the  applica¬ 
tion  of  38  pg  of  II  (0.038  mg)  per  minute  to  each  sepia rr 
centimeter  of  cloth:  or  an  air  Hmv  of  4.5  liters  per  hr 
through  a  solution  of  II  in  dibutyl  phtlmlate,  contain¬ 
ing  alxiut  0.2  moh*  fraction  of  the  former,  which  per¬ 
mitted  the  application  to  a  siimple  of  alxait  2  uk  ' 
min  cm5.  The  fiist  set  of  conditions,  used  for  routine 
tests,  was  rapid  end  gave  satisfactory  results  in  the 
evaluation  of  materials  which  had  ca|NU‘ities  of  200 
300  pg  cm5  and  higher.  The  second  set  of  conditions, 


in  which  the  concentration  of  II  is  similar  to  th..i  en¬ 
countered  in  the  Held,  was  used  in  the  testing  of 
Lully  deteriorated  fabrics,  tlie  It  retentions  of  which 
were  so  low  that  no  significant  results  could  lx»  ol>- 
taincd  nt  a  high  rate  of  vesicant  application.  In  ad¬ 
dition,  information  was  obtaimd  alsait.  the  retention 
efficiencies  at  very  low  II  applications  of  materials  of 
high  calamity,  although  measurement  of  the  ca¬ 
pacities  themselves  was  not  practicable  at  so  Iow¬ 
an  application  rate,  liccuuxc  of  tlie  time  rtMpiired.1 

Tlie  results  of  the  titrimeter  method  an*  I  text  ex¬ 
pressed  in  the  form  of  a  curve.  Tlie  amount  of  II.  u|i- 
plied  to  the  sample  in  milligrams  of  It  per  x<|uare 
centimeter  of  falirie,  is  plotted  against  the  eimcent ra¬ 
tion  of  II  *u  tlie  air  which  has  passed  through  the 
sample.  Values  indicating  the  eapimity  of  the  fabric 
at  any  selected  retention  eflieiency  may  la*  read  fnun 
tlie  curve  and  tubulated  fur  ready  eomparisou  of 
fabrics.  Typical  data  for  various  fabrics  an*  given  in 
Figure  I.1  In  this  figure,  the  retention  efficiency  is 
<*<iiml  to  100  minus  one-tenth  the  niicrognunx  of  II 
5:»  the  effluent  air. 

If  it  lie  nrbitmrily  assumed  that  the  ea|Hicity  of  a 
falirie  is  the  amount  alisorlied  liefon*  the  eoiieentm- 
lion  in  the  air  passing  tiimiigli  it  exceeds  10  pg  I, 
tlien  die  fabrics  referred  to  in  the  figure  have  rapaci¬ 
ties  of  alsMit  200 -2, 000  pg  cm5.  During  the  applica¬ 
tion  of  most  of  the  II,  the  concentration  of  II  vajMir 
in  the  effluent  air  was  2  3  pg  I.  Thus  00.5  |ier  rent 
or  more  of  the  II  applied  was  living  ill  wort  icd  by  the 
falirie. 
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EVALUATION  OF  CHLOR  AMIDE-  AND  CARBON-TREATED  FABRICS 
BY  MEANS  OF  GAS  CHAMBER  TESTS  AND 
FIELD  WEARING  TRIALS 

Bv  Wilkin*  tteetr  anil  limner  Ailkin * 


30.)  INTROnCOTION 

Tmk  i'IiTIMAtk  ahhkhhmkxt  of  the  wearing  qualities 
anil  prof  it  ti  vi1  properties  of  permeable  protective 
fabrics  ran  In*  made  only  l»v  carefully  planned  anil 
executed  field  tri-ds.  Field  trials  to  determine  the  pro¬ 
tective  property's  of  garment*  necessarily  lark  pre¬ 
cision  Iwattse  of  the  impossibility  of  setting  lip  uni¬ 
form  roneent  rat  ions  of  eliemirol  warfare  agents  umler 
field  rondilions.  For  this  and  other  reasons,  the  de- 
jcttT  and  length  of  time  of  protection  provided  by 
garments  against  tiie  vapors  of  If  Cfc/sf/Jrhlons'thyl) 
sulfide],  MX  I  [ethvW/xf^-idiloniethyl  (amine],  and 
11X3  {7r»*(/J-chlor  -ethyl  (amine]  haw  Ism  deter¬ 
mined  by  exposing  human  subject*,  wearing  the  gar¬ 
ments  to  ls>  tested,  to  the  vapors  of  the  eliemii'at 
agent  in  toxie  gas  chnmliers  under  standardized  con- 
ditions.  TIh*  ol>taining  of  accurate  rhamlsr  ilata  is 
time-eonsuming  and  rei|uires  cnrctul  experimental 
work,  Imt  the  results  are  ttelicwtl  to  represent  a  more 
reliable  estimate  ot  field  prrformanre  titan  ilata  ol>- 
tnined  by  presently  useil  lalstrntory  methisls. 

A  series  of  field  wearing  t  rials  haw  Ism  rarrieil  isit 
unih'r  a  varii'ty  of  elimatie  conditions  to  iletermine 
tin*  suitability  for  field  use  ot'  various  tyjies  ami 
rombinations  of  |iermt*nhte  proteetiw  garmettls  with 
resjsTt  to  durability,  <>“tnfort,  anil  rate  of  loss  or 
inartivation  id  protect iw  agint ;  ami  to  proviile  worn 
garments  for  rhamlsr  evaluation. 

X«*w  pretrrtiw  garments  of  Isith  the  rhloramsle 
ami  activated -enristn  type*  cna’de  suhjeets  to  Is*  ex¬ 
posed  wit  limit  harm  to  several  t  inn's  tl»e  lethal  dose 
of  II  vn|sir.  (’Iifommide '  ganm*nts  are  inferior  in 
protiTting  against  the  vti|sirs  of  IIXl  and  11X3. 
Both  tyisn  <tf  garments  deteriorate  on  wear  at  a  rate 
such  that  tin*  ih'grre  mid  time  of  protection  may  Is* 
inadequate  after  I  wivk's  wear  umler  si'veiv  comii- 
tions.  In  general,  the  duml>ility  ami  wearaliility  of 
proteetiw  garments  are  such  that  their  use  umler 
fii'li I  condition*  is  ls*Hcvi"d  to  ls»  practical. 

•  tty  "rttlnrami«|r,‘  or  “eartwst"  talirW  or  garment*  I*  mm  tit 
‘‘rtilnnmiiNmlnriir'‘arl«i*vlinilnr  fnlninurtirmnit*. 


All  wearing  trials  and  ehamls'r  trials  in  this 
itHmtry  have  Iteon  carried  out  under  tin*  supervicion 
of  the  Alined  Services.  Beeausi'  of  tin  targe  nutnls'rs 
of  men  required  and  the  legal  and  technical  hazards 
involved,  it  has  not  Iktii  (mssible  for  eivilinit  organi¬ 
zations  to  undertake  this  type  of  work.  It  follows  that, 
this  elm;  iter  represents  a  review  of  the  work  curried 
(Hit  by  tiie  Chemical  Warfare  Service  [CWH]  and  the 
Xuvnl  Heseareh  Isdstrutory  QNIIL]  in  this  country, 
and  by  tbe  enrrrsptmding  organizations  in  Australia 
and  India.  With  few  exceptions,  none  of  thedatawere 
obtained  by  Xii.ional  Defense  Ilesenreb  Committee 
[XDRf ']  investigators. 

30-  CAS  CHAMBER  TESTS  ON  NEW 

PERMEABLE  PROTECTIVE  CLOTIIINU 

an.s.1  Introilurlion 

Tests  in  toxie  gas  ehamliers  are  carried  out  l»y  ex¬ 
posing  n  group  of  six  or  eight  men  to  on  analytically 
ileterminetl  concentration  of  the  vapor  of  tlic  chemical 
agent  (usually  20-40  i*g  I)  at  n  standanl  temperature 
(usually  00  F)  ami  a  stamlnnl  relative  humidity 
(usually  05  -85  per  cent )  in  a  20-  to  50-tn*  elmmlier. 
Tin*  men  wear  masks  and  are  fully  clothed  in  the 
proteetive  clothing.  Each  man  is  exposed  for  I  hour 
on  eittier  surressiw  days  or  every  other  day  until  Ik* 
shows  an  cryt  liema  or  a  more  pmnounrrd  pliyoiologi- 
eal  react  ion.*1  **  The  men  are  exposed  on  suerrseiw 
days  so  as  to  approach  the  itliysiolngiral  rw!  point 
with  rout  ion  and  also  lieeaiise  it  is  not  ilesiralde  to 
keep  tln'm  in  a  toxie  ehamlN'r  for  more  than  I  hour 
at  a  time.  Time  must  also  In*  allowed  after  each 
eluimlsT  exposure  for  the  h'sioiis  to  develop.  The 
relative  protective  valm*  of  different  fabrics  an* 
estimated  by  dcteiiniuitig  tbe  length  **f  time  durins 
which  tin*  wearer  does  Hot  suffer  any  pronimiieed 
physiological  reaction. 

Resuits  obtained  in  mim-chamlsTs  on1  different- 
from  results  obtained  using  smaller  ehamls'r*  in 
whieh  only  a  part  of  tin*  Issly  i*  existst'd.” Thi*  j* 


SECRET 


F.VAM'ATION  OF  ('.IU.OR  AMIIIK-  AM)  CARHON-TRK VTKI)  K AURIC* 


ASK 


duo  to  several  factors,  one  of  which  is  the  varying 
sensitivity  of  different  area*  of  tho  Ixulv.  Arnt- 
ehamltor  results  are  considered  to  l>o  of  value  for 
screening  fabrics  prior  to  examination  in  a  large 
chamlter,  but  tiny  do  not  serve  ax  a  *ul*stitute  for 
results  obtaitiod  in  tlio  latter. 

In  discussing  tho  results  of  rluunltcr  evaluation,  a 
distinction  is  made  lietwren  tho  effectiveness  of  pro- 
tootion  and  the  length  of  the  period  during  which  the 
garment  will  provide  protection  ("duration  of  p rota¬ 
tion'').  All  types  of  reasonably  effective  new  |**r- 
mcnblc  protective  gurmontx  provide  practically  rnm- 
plote  protection  for  at  least  3  hours  under  tho  usual 
<luuniior  conditions  against  IK  vapor,  and  some  of 
them  protect  for  several  times  this  period. 

Kvon  under  the  I  test  of  ciretimstances,  a  certain 
small  amount  of  tlio  cliemical  agent  can  lie  expected 
to  penetrate  the  permeable  protective  fabric.  With 
(‘('-2  impregnated  fabrics  and  If  va|Mir,  this  leakage 
is  sufficiently  largo  so  that  the  end  point  of  the  cham¬ 
ber  tost  is  due  to  the  cumulative  effect  of  the  II  which 
has  |ionct rated  the  garment  at  each  exposure.  Only 
a  small  fraction  of  the  (’('-2  is  used  up,  and  a  new 
subject  wearing  the  exposed  garment  in  an  II  atmox- 
pls*re  will  lie  protected  nearly  ns  we»l  as  the  origiiud 
subject.  The  protection  provided  is  due  to  the  CC-2 
reacting  chemically  with  the  II  and  converting  it  into 
practically  nonvesicant  chlorinated  and  oxidised 
products.  With  carlion  fabrics,  the  protection  pro¬ 
vided  is  due  to  the  adsorption  of  (Ik*  II  on  thecarlsm. 
Small  amounts  of  adxorliod  II  are  held  so  tenaciously 
that  no  injury*  is  pnsluced  even  by  prolonged  close 
conflict  of  the  skin  with  the  contaminated  fabric. 
With  larger  amounts,  the  vapor  pressure  increases 
to  such  a  point  that  asignificant  amount  may  migrate 
from  the  carlsm  to* *V  skin,  either  by  n  vapor  trans¬ 
fer  mechanism  or  by  first  lining  extracted  Inim  the 
carlsm  by  perspiration  and  transferred  to  the  skin  in 
tls*  dissolved  state.  After  this  point  is  reached,  tls* 
carlsm  fabrics  provide  relatively  littk*  protect  i*>n 
and,  if  the  falirie  is  not  decontaminated,  a  new  set  of 
subjects  wearing  tls*  clothing  in  an  atmosphere  free 
of  II  may  develop  a  mild  erythema  from  the  hsisely 
adsorlssl  II..  The  initial  amount  of  II  vajsirpenei rat¬ 
ing  a  new  carlsm  fabric  is  less  than  that  penetrating 
a  new  (V-2  impregnated  fabric.  Accordingly,  tls* 
end  point  of  tls*  chamls-r  test  is  due  to  the  activated 
carlsm  having  adsorlssl  an  nmisint  of  vesicant 
vajsir  such  that  a  significant  fraction  is  not  firmly 
held.*7  *'  *• •*" 

Tls*  capacity  of  carlsm  and  <  ’(  -2  faltrics  for  ad¬ 


sorbing  II  from  a  saturated  airstream  in  the  Inltnru- 
tory  is  of  the  order  of  I  2  mg  cm5  of  fabric.  Under 
chandler  conditions,  only  5  It)  per  cent  of  this 
capacity  cim  lx*  effectively  utilitscd.****" 

The  length  of  time  for  which  subjects  are  protected 
de|s*nds  on  the  numls*r  of  layers  nf  protective  cloth¬ 
ing  worn,  the  tcin|M>mturc,  wind  velocity,  relative 
humidity,  extent  of  |s*rspiration,  and  activity  and 
previous  history  of  the  subjects,  in  addition  to  the 
many  variables  connected  with  the  preparation  of 
the  clothing.**  With  subjects  wearing  tint  rental 
clothing,  the  severity  of  exposure  under  a  given  set 
of  experimental  conditions  ap)>cnrx  to  Is*  pro|sirtional 
to  the  concentration  of  the  chemical  agent  nudtiplit*d 
by  time  of  exposure.  Available  data  suggest,  this  re¬ 
lationship  is  also  valid  for  subjects  wearing  carlsm 
garments  and  exposed  to  II  vapor,**  but  that  the  time 
of  exposure  is  nearly  independent  of  t  lie  II  concent  ra¬ 
tion  in  the  range  of  10-100  agl  in  the  case  of  subjects 
wearing  single-layer  (’('-2  clothing  and  exjsised  at 
00  K  and  05  per  cent  III!.** 

.10.2.2  Man-Chamber  Tests  with  II  Vajior 
The  results  of  cliamls*r  exposures  at  the  Naval  Re¬ 
search  bnlximtoty*  and  at  Kdgewissl  Arsenal  [KA] 
are  summarised  in  Table  I.  The  average  numlmr  of 
cxiMMiirex  is  given  for  which  the  first  subjects  wearing 
tls*  test  garments  arc  protected.  This  corresponds  to 
a  “man  break"  rather  than  a  “suit  break"  since  the 
chemically  impregnated  garments  would  protect  a 
second  series  of  subjects  for  tui  approximately  equal 
periixl  of  time.**  Results  obtained  in  two  different 
chiunliers  seldom  agree  precisely  ls*cai|se  of  differ¬ 
ences  in  tho  construction  and  operation  of  the 
chandlers,  the  medical  examinations  of  tlio  subjects, 
and  tin*  general  conduct  of  tin*  tests.  In  tin*  table, 
data  obtained  with  one-laver  clothing  plus  shorts  are 
combined  with  data  on  one- Inyo r»r lot hing  alone, 
since  tlio  differences  lict ween  tin*  two  an*  small.  .Most 
of  tho  breaks  occur  on  tlie  I  sick,  which  is  pmteeted 
in  Imtfc  tests  by  a  single  Inver.  In  the  latter  case, 
scrotal  bums  also  occur,  although  they  often  develop 
very*  slowly.  No  distinction  is  made  lx*tweon  test s  in 
which  xuhj<*cts  were  exposed  every*  day  and  those  in 
which  exposure*  wen*  every  second  day.  If  exposun** 
weir  spaced  sufficiently  tar  a|»art,  lltcir  effects  would 
not- 1**  cumulative;  in  tin*  data  considered,  however, 
it  is  pmltnhle  that,  whatever  ililferenees  exist,  an* 
witfiilt  the  experimental  error.  The  concentration  of 
II  wus  not  kept  constant  in  the  Kdgewassl  tests,  and^ 
tlieir  pttblislssl  results  give  only*  tla*  average  f  7  value 
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Tahir  I.  Mntnniariftcri  mnn-tucnk  result*  of  rlmmlrr  cvnhiitti.m  of  new  ( ‘(  *2  and  carlsm  outerRarmeiust  with  slmrt* 
mtnmst  H  v«i>or. 


OiirniMit 


I'liircntcd  iliinaniccs 
CC-2  imstnhilincd  ( M-l )  solvent 
pe-v**  (100  CC-2  75  CP.TCK 
solvent  | 

( '<  ’-2  sinbiliacd  (Kofi)  solvent  process 
Army:  (100  CC-2  10  CnCO,  75 
CP/TCK  solvent) 

Nnvy:  non  (  ('-2  1. *>  S5n(>,73 
ci* 'To;  solvent  i 

( X  ’-2  siand-ml  a*|nc«m*  process  ( MrH 
or  M-2  T  of  O) 

Army,  (too ('(  -2.  lOZnO  V. 

CP,  5  I’VA) 

N«  v  v :  ( SflOCC-2. 2.*i  ZnO  /7.*i 
CP,  3.75  PV  A) 

('(‘-2  .ii|iic.hih  »v*tet<i,  CnCO,  stnhll- 
Ircd  ( 100  CC-2  10  OH  I,  75 
CP  5  PVA) 

( X  ‘-2  nipKsHi*  system.  low  Imider  ( 100 
( X  -2  25  ZnO  25  CP  2.5  |*VA ) 
(.C-2  ti(|lHSMt*  Aresklene  svslcm  (100 
CC-2  25  CP  lOAreskleno) 

CC-2  Pott  tit  Process  (100  CC-2  10 
SCiiO  75 CP '25  Niirr-iitml  NH) 
Carlsm-cnnlcd  IIHT  (N-44  curiam, 

All*,  nml  Oct.  models) 
Ciirlam-piaitnl  IIHT  (N-IS2  earism, 
lltm  R-3H) 

Carl«m-ioi|MCKnn<c<l  IIHT.Tv|ic  A 
(H-HHH  N-H  carla.nl 
Cnrism-myon  ilmilile  twill,  T,v|a~  1 10 
nml  127  (N-H  curiam) 

( 'arism-myon  ilonhlc  twill,  Tyiics  IT) 
mnl  140  (N-44  earism) 
Ciirla.n-myoii  double  'will,  Typo  14R 
( N- 1 R2  curiam) 

Cnrlam-rcvon  iliHtlik>  twill,  Type  101 
(PCCciirlam) 

Cnrlam-im|imtniilc<l  eirmcnt  (N-IR2  | 
curiam,  tupieim*  mcthylrcllnbsa*  , 
ptonslnrct  j 


NHI,  data 
Nnmlmrnf  l-lsstr 
exposures 
WK.fl.Vr  It  II 

HA  data 

Ntimlwr  of  t-tsair 
rx|sisnrre 

00 K. SS*  c  III! 

M*  active 
chlorine 
or  earism 
(start  «*f  test ) 
per  cm’ 

NDItC  litrlmctcr  lost* 
(10  a*  II  in  10  ml  air 
applied  min. cm’  al  25  C) 
Caimcily  (aR  It  dll’) 
at  mention  cilicicncv  of 
0R',c  OO'r 

1  (3a*>“ 

0 

0 

7.3(20,*>»* 

4.4  (30  *t)* 

0.4 

550 

050 

2.H(4H  a*>" 

400* 

1,300* 

3.0(30,*)* 

«.7(20mt  r 

0.4 

4.S(30aic>* 

1,000 

1,000 

1.7(IR,*)»7 

000* 

1,500* 

4.3(20  mtr 

0.5 

4.0(30,*)* 

0.5 

1,000 

1,200 

R50* 

1,000* 

fl.l(20s«P? 

0.5 

10.0(20  >i|fP7 

0.5 

700f 

I.OOOt 

0.1  (20  a*)* 

13  (25  a*)” 

0.5 

3  (20  a*  V7 

2.2(30  a*)° 

3.3 

1,150 

1,500 

0  <20a*)“ 

3.0 

2,200** 

2. 1(30  a*)* 

3.0 

son 

1,200 

5  3(20,*)“ 

5 

400 

050 

j 

2.0  (4R  a*)” 

0 

l0+(20mt)“ 

5.7 

1,000* 

2,000* 

4.5+ (40  SIC) 

1.4(K)a*>M 

1 

j 

5.7 

1 

1 

3.7(20«)«' 

i  i 

4.S  j 

j  >1,7011* 

>iV20»*-» 

•  Tmtixl  il  four  imu  flo«  rate. 

•  TrMwl  at  four  limw  iivm  flow  mt*\  tni|>rrc  nation  formula  inHuilixl  rfatiilitpr. 

•  (*h«|»tcr«  *Jfl  ami  27  4m«iM  In*  •utifitiinl  for  a  more  nsniilHr  ilramiition  nl  ihr  varioiM  f»r*»trctiv»*  fahnm  ami  for  n-fruiirm  to  the  otwitml  M*|wtMn  con* 
rertiitHi  «Ihi»  |irc|<Nniti«Hi. 

|  UImphioiv  II  m.i«ni.rr  tr«t*  mrrinl  •mt  at  tin*  CWS  Itcvrlopwmt  Uhiwaior>  at  thr  MnM*rtiu«*ft»  Io*tiiMU-  of  Tcr4im4»»t>v  In  f'WH 

l»iin  ii>,  tiij  •)h«»  tin*  |1MI  IUI  l\|»*  fnlHlc*  to  lint**  1*m»H  lim***  «•€  •"■tt  317  Mlnfllni  rotniNtml  to  HM*  AMI  minute*  for  T>  |r  I  |K 


to  cause  n  littm  ami  the  mnRo  of  cojtct  ntrations  in  the 
ehantlicr.  'IV  average  tinmlmr  «»t  exposures  Riven  in 
llte  tolili'  tin*  Iteen  mletilutol  from  the  f’f  value  anti 
the  ttssuined  average  II  concentration  in  tlte  cham- 
Iter.  Tlte  maximum  error  of  tlte  XR I.  data  is  lielievetl 
to  lie  considerably  less  than  20  Jter  rent  ill  the  ease  of 
most  of  the  systems.  With  two  or  three  exceptions, 


all  have  Iteen  examined  several  times,  and  the  results 
are,  tltcrefore,  I  minx  I  on  a  considerable  amount  »»f 
ex|ierimental  work. 

Preliminary  KiIkcwimhI  Arsenal  ehamlier  data  in¬ 
dicate  that  two  layers  of  clothing  protect  for  nearly 
twice  the  period  of  time  indicats-d  for  one  layer  plus 
shorts.57  Naval  Research  Laboratory  data  with  single 
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layer,  single  layer  plus  shorts,  and  single  layer  phi* 
shorts  and  undershirt,  all  impregnated  l*y  the 
standard  aqueous  procedure  (75  per  cent  ehlom- 
pitraffm)  indicate  the  ntimlter  of  exportin'*  tolei tiled 
mider  the  standard  ehtunlter  conditions  to  tie  3.8, 
4.3,  and  «.«*» 

A  series  of  rhondier  trials  have  lieen  earned  out 
with  single-layer  aqueous  <  ’( ’-2  impregnated  gar¬ 
ments  plus  shorts  to  asses*  the  effeef  of  certain 
variables  which  should  la*  of  importance  tinder  field 
conditions.**  “•»»  Within  themngr  of  10  100  ag  !,  the 
duration  of  protection  is  relatively  independent  of 
the  conccntnition  of  the  If  vapor.**  At  concent  rat  ions 
lielmv  10  mK  I,  the  dtiration  of  protection  inert*ttses  as 
tlie  concentration  of  II  decreases.^  There  are  no 
similar  data  for  subjects  with  two-layer  protection, 
i.e.,  impregnated  outergarmentsaml  long  underwear. 
Limited  data  indicate  the  tlinatioti  of  protection  to 
lie  constant  irrespective  of  whether  subjects  receive 
their  cxptwurc  in  I  day  or  in  parts  on  successive 
days.**  Previous  contamination  with  If  vapor  has  no 
significant  effect  on  the  duration  <>f  protection  pr*-- 
viding  the  tu-tive  ehlorine  content  of  IIS'  garments 
Ita*  not  lieen  seriously  lowered.**  Suit*  wet  with  salt 
water  during  exposure  protect  for  eight  l-honr  suc¬ 
cessive  exposures,  whereas  control  suits  ami  suits 
wet  with  salt  water  anti  dried  protect,  for  approxi¬ 
mately  four  exposures.**  Failure  to  restore  the  active 
ehlorine  content,  of  impregnite-free  amis  snl>se<|tietit 
to  spot  testing  with  the  t'\YS  impregnite  testir  ,  kit, 
M-i,  does  not  seritMisly  affect  tin*  protective  capacity 
of  the  clothing.**  S-|li|  protective  ointment  is  more 
effective  than  S-330  ointment  in  respiring  tin*  ef¬ 
fective  active  chlorine  content  of  tlte  areas  list'd  in 
tlie  test.**  Tlie  effect  of  inemtsing  the  relative 
humidity  is  twofoh  ,  the  reactivity  of  tin'  impregnite 
for  II  vapor  is  increased,  Imt  the  sensitivity  of  t ta¬ 
sk  m  is  also  incmiscsl.**  Temperature*  higher  than 
85  F  cause  large  amis  of  the  Isslv  t«i  Is-co.nc  mark- 
etlly  more  susceptible  to  ||  vnjsir.*4  A  relationship 
appear*  to  exist  iietuccn  the  sensitivity  of  the  *kir. 
anti  activity  of  the  sweat  gland*.  Maximum  duration 
of  protection  is  obtained  at  high  relative  humidities 
and  imslerate  tempemt tin's.**  Tlie  effect  tif  wintl 
velocity  and  the  activity  of  the  subjects  is  ot  lesser 
importance.” 

Kxposiires  on  successive  tiny*  for  a  total  of  I  hour* 
to  211  itg  of  II  in  the  clmmls-r  followed  l»y  a  total  of 
HI  hour*’  near  results  in  the  average  active  chlorine 
content  t»f  <V-2  impregnated  suits  tlmpping  from 
9.50  mg  cm5  to  0.40  mg  cm5.  Tlie  tleemise  is  the 


same  for  unstabilized  solvent,  zinc  oxide  stabilized 
solvent,  and  standard  zinc  entitle  stabilized  aqueous 
impregnated  clothing.  If  garments  are  worn  by  a 
series  of  different  subjects  so  that  suit  breaks,  as  dis¬ 
tinguished  from  man  bmiks,  art'  measured,  lolvent- 
impregnated  garments  withstand  iui  average  of  27 
exposures,  tine  oxide  stabilized  solvent-impregnated 
garments  an  average  of  35  exposures,  and  standard 
line  oxide  stabilized  aqueous  sus|M‘nsion  suits  an 
average  of  49  ex|*>stire*.  Tlie  total  nttmlser  of  ex¬ 
posures  withstood  is  in  proportion  to  the  initial  active 
ehlorine  content.  The  amount  of  aitive  chlorine  lost 
for  the  different  parts  of  a  suit  are  in  the  following 
order: ellsiw  (most  lost),  knee,  I  sick,  shoulder,  seat , 
crotch  (least  i'ost).  The  duration  of  protection  against 
20  gg  of  II  vapor  per  liter  is  less  than  I  hour  when  the 
average  active  ehlorine  eentents  of  the  suits  have 
lieen  reduced  to  the  following  (stints  by  re|M'iited  ex¬ 
posure  to  1 1  vapor:  unst abilizet I  solvent ,  0.07  mg  cm3; 
sine  oxiile  stabilised  solvent,  0.1 1  mg  eni3:  and  sine 
oxide  stabilised  sttaidard  aqueous,  0.25  mg  em3. 
Failure  of  the  garments  was  undoubtedly  due  ill  large 
(Mtrt  to  et'rtnin  critical  amis  having  considerably  li**s 
than  the  average  amount  of  active  eliloritie  |s-i  unit 
ami.*’' 

(’nriutn  garments  have  not  Is-en  evaluated  so 
thoroughly  il*  (’(*-2  garments  under  chandler  eondi- 
tions  to  determine  the  effect  of  the  variables  dis¬ 
cussed  alstvt*.  Data  obtained  on  tlie  No.  I  IS  series 
of  earlstn-rayon  tltsibk'  twills  indicate  the  duration 
ot  protcelion  to  Is*  inversely  proportional  to  tlie 
ctMimitmtion  of  tin*  II  vnisir.**  Since  it  is  known 
that  tls*  skin  is  less  sensitive  to  II  vo|s»r  under  cool, 
nonswenting  conditions,  ami  tls*  adsorptive  pro|s*r* 
ties  of  enrlsni  an*  enlianeed  by  eisil,  dry  conditions, 
it  can  Is*  pmlictcd  that  carlsm  fabrics  v ill  prole**, 
for  longer  (s'riisU  of  time  under  less  seven*  eliainU  f 
cunt  lit  ions. 

A  serie  of  t-hamls'r  tests  have  Is-en  carried  out.  in 
Austnilia  to  evaluate  ehloramide-impn-giintt-d  cloth¬ 
ing.  'Hie  flat <•  obtained  an*  in  gi-neml  agn-eineiit  with 
tls-  ilata  given  alsive,  except  that  pn-liminarv  evi- 
tlenee  was  obtained  indi*-ating  tls*  duration  of  |»rot ee- 
tion  to  Is-  inversely  pro|*»rtionnl  to  tls-  II  eotiei'iitra- 
tion  miller  the  chatnls-r  conditions  employed  ((H)  F 
ami  (15  (s-r  cent  Ml).7*  This  mailt.  is  in  agreement 
with  tls-  limiti*!  l-idgi-wissl  ilata,5* 37  hut  not  with  the 
extensive  Naval  ib-sean-h  Ijdsirutnry  ilata.**  Data 
wen*  nl  iaint-d  indicating  gissl  ngn-cment  ls-l wt-en 
tls-  n-sitlts  of  nmttiliis  trial.-!  and  of  etiamls-r  tests. 11 77 

The  fiekl  testing  of  li  munitions  ha-  Is-en  carried 
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out  nmicr  experimental  conditions  such  that  man 
breaks  of  protective*  clothing  due  to  If  vapor  have 
seldom  lieen  esperieneed.  Only  standard  protective 
clothing  Ims  lieen  used  to  protect  tl>e  personnel  in- 
vulvcri.  No  data  have  lieen  obtained  which  cast  doubt 
on  the  value  of  the  toxic  clmmlier  mefhtHlof  evaluat¬ 
ing  protective  garments. 

A  review  has  ls*en  made  of  clmmlier  and  field 
data  published  prior  to  10 1 1.51 

30.2.1  Wan-Oigmhcr  Tests  with  II IN  1, 

II N3,  and  Other  Agent* 

Available  data  indicate  that  all  of  the  types  of 
carlion  fabrics  listed  in  Table  I  provide  excellent 
protection  against  IIXl  anti  11X3  vapors.  ('('-2  gar¬ 
ments  provide  virtually  no  protection  against  the 
vapor  of  11X1,  but  considerable  protection  against 
11X3  vapor. 

Subjects  wearing  carlwn-royon  twill  (Series  110 
anti  127)  garments  with  shorts  prepared  from  a  knit 
cnriNin-niyon  fabric  have  ls*en  exposed  for  I  htatr  on 
each  of  3  successive  days  to  30  gg  of  IIXl  vapor  per 
literat  00  Fanil  ttft  per  cent  HII.  Krythcma  developed 
tin  tlie  neck  anti  Ixtck  of  the  subjects.**7  Subjects 
wearing  ('(’-2  garments  could  not  lie  included  in  the 
same  test  since  <X’-2  gaiments  do  not  offer  suitable 
protection.  Ten  men  dressed  in  single-layer  fine 
nxiiie  stabiliaetl  standard  ni|ucciis  clothing  were  given 
a  single  l-hour  exposure  to  0.7  gg  of  IIXl  vapor  per 
liter  at  00  K  and  115  per  cent  HII.  Four  days  Inter,  H 
of  the  10  men  Imil  crusted  lesions  on  the  semtum 
os  well  as  miltler  bums  tin  other  parts  of  the  Isstv. 
Similar  results  wen*  obtained  with  subjects  dressed 
ill  tint*  layer  plus  impn*gnntcd  shorts.  Subjects  dressed 
in  plain  unimpregnated  clothing  nveivt*d  bums  of 
coni|Nintble  srverdv  whetl  exposetl  for  I  htsir  to 
5*gl.-« 

Man-chamls*r  tests  at  Ktlgewtssl  Arsenal  with 
11X3  vn|Ntr  have  shown  two-layer  ('<  '-2  garments  to 
provitlt*  adet|tiate  protection  against  a  <’t  of  over 
5,000.  'riie  earlier  XIII,  data  with  IIXl  have  lieen 
confirmed.  ( ‘nrlmn  fabrics  haw  l*een  ftauitl  to  give 
sii|M*rior  protection  against  Isith  IIXl  ami  11X3  (un¬ 
published  ( AYS  Medical  Division  data). 

ft  -2  garments  affonl  no  protection  against  tin* 
severe  skin  irritation  caused  by  exposure  to  CK  con- 
rent  rat  ions  *’tif  tlie  order  «»f  2,000  3,000  mg  m’. 

.30.2.  t  <  Chamber  Testa 

A  series  of  ami-chamlM*r  tests  Imve  !s*cn  carrietl 
out  with  tin*  vapors  of  II,  IIXl,  IIX3,  ami  I,  (lewis¬ 


3li| 


ite),  with  the  object  of  developing  preliminary  infor¬ 
mation  so  that  the  program  involving  the  use  ot  tlie 
man-ehamlier  could  lie  plum.ed  more  effectively.  The 
results  obtained  are  seldom  in  quantitative  agree¬ 
ment.  with  those  obtained  in  the  larger  chandlers,  Intt 
an*  usually  iti  qualitative  agreement. 

All  earl  Hitt  fabrics  tested  provide  exeeltent  protec¬ 
tion  against  the  va|Mtrs  of  IIXl  and  11X3." 

Untreated  clothing  provides  ample  protection 
against  the  vojiors  of  L  Xo  protective  clothing  is 
needed  except  under  nhnortnulty  dry  conditions.** 

Most  of  the  data  obtained  Imve  lx*cn  confirmed 
and  extended  by  man-chuml>cr  t»*sts;  accordingly, 
they  need  not  Is*  reviewed. M 

30.3  OTIIKR  physiological  TKSTS 
OF  NKW  rROTKtrriVK  f\iihic:s 

Fateh  tests,  drop  and  spray  tests,  anil  large-scale 
field  tests  involving  the  use  of  vesicants  and  human 
subjects  have  lieen  used  to  evaluate  the  effectiveness 
of  ik  rtncnhlc  protective  fabrics  against  the  important 
chemical  warfare  agents.  Patch  ti*sts  Imve  lieen  used 
to  study  the  protective  characteristics  of  curium 
fabrics  contaminated  with  1  !."■*"  Imrge-seale  spray 
test*  ha vp  demonstrated  that  two-Iaver  protective 
fabrics  pniteet  against  fine  droplets  of  II.  Imlsimtory 
tests  with  drops  of  liquid  II  havp  lieen  made  to 
measure  more  aemrately  the  degree  of  protection 
provided.  The  pmteetion  provided  subjects  wearing 
oim*-  or  two-layer  protective  clothing  and  traversing 
or  occupying  terrain  contaminated  with  I!  in  the 
liquid  and  vapor  state  has  lieen  assessed  by  field 
trials. 

It  has  lieen  demonstrated  by  spruy  tests  that  00 
per  tent  of  the  subjects  wearing  two  layers  of  (‘('-2 
clothing  will  lie  protected  against  low  altitmle  un- 
thickcneil  II  spray  composed  of  (Mb  to  1.2-nim 
diameter  dmps  at  contamination  tensities  up  fo 
H  g  m\  Only  50  per  cent  of  the  subjects  will  Is*  pro- 
teeted  by  a  single  outer  layer  of  ('<  '-2  clot liing.  Mom 
protection  is  afforded  b\  a  single  'aver  of  ( '( '-2  cloth¬ 
ing  if  it  is  worn  licncnth  an  untrcnt<*d  Inver  than  when 
worn  over  iui  untreated  garment .** 

Protective  fabrics  Imve  ls*en  evahmteil  in  tlie 
lalsiratoty  against  a  fine  mist  of  II  droplets  by  de¬ 
termining  the  contamination  density  necessary  to 
cause  subject*  wearing  the  fabrics  to  develop  a 
physiological  miction.  Drops  of  II  weighing  approxi¬ 
mately  0.05  mg  have  ls*en  applied  under  room 
temperature  lalsimfory  condition*  to  single-  and 
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double-layer  ( '( ‘-2  fabrics  and  to  unimpregnated  field  test,  erythema  ami  vesicles  were  produced  on 


fabric.  Approximately  I  g  m*  penetrates  two  layers 
of  unimprcgnnted  fabric  producing  vesicles  in  50 

Tmii.ic  2.'*  Pcnctmlhm  of  single-  nn<l  <lool4c-tt»yo.- 
protective  fiilirie*  !>y  II  (Irojie. 

The  cloth  Krimplex  were  nttsched  to  the  formrms  of 
hiimnn  HuiijectH  nml  sere  removed  30  minutes  nfter  om- 
tiimitmtion  with  the  doses  of  it  tided  Mow.  The  room 
tetn|>enitiire  wits  70  ±  .*»  K  nttd  t Ih»  relntive  httmiility 
25  *  II  | ter  retd. 

Kiihrir  eoinliiimtioii  Weiglit  of  II 


( 'iirtmn-myoti  twill  (Semple  MS)'"  0.520  tn*  for  30%  hlisters 

t’«rl*«l*rnyon  knit  (Snntple  ISO)1"  0  200  mtt  for  30%,  Mister* 
Hltmdtird  ft '-2  solvent  (TCK-  20% 

CnCOd  0.130  ni|t  for  30%  Misters 

Slnndiird  ('(’-2  tu|tieotis  (20% 

Ciit'Od  0.130  m*  for  30%  Misters 

Htmtdxrd  (‘('-2  aqueous  (10% 

JSiiO)  0.130  mtt  for  30%  hllsters 

Ciirlsm-eiHited  HUT  (experitsen- 
tiil  plimt  run  cmpluym*  N-IS2 

rarlMtnifH  0.005  mtt  for  30%  Misters 

Cnrlsm-myon  twill  (top'>  No  skin  rertetsm*  with 

CtirlKiteniyon  twill  (ntnlemeitth)  itnsmnts  of  II  tip  to 

mid  including  '.0  m* 

Cnrlsm-myon  knit  (t<q>)  4.0  in*  for  10%  erytliemn 

I'nrlsin-myon  knit  (undemeiilh) 

Cnrlsm-myon  twill  (tup)  3.0  m*for  17%erytfioniii 

Cnrlsm-myon  knit  (undementh) 

Cnrlsm-nintcd  IIHT  (top)  4.1  m*for 4l%  er)tls*nm 

Cnrlsm-myon  knit  (umlenieiith) 

t'lirlsin-ntyoti  twill  (top)  3.0  nt*  for  30%  eryllsmei 

('(■'2  nqiteirtis  (10%  ZnO)  under* 
wear  (undcriHtith) 

Cnrlsm-myon  twill  (top)  3.0  m*  for  75%  erythema 

CC  2  solvent  (TCK  20%  Ca(XK)  4.1  ni*for  100%  erythema 
umlerwear  (itndcmcntli) 

Cnrlsm-eor.ted  IIItT  ((opt  2.0  mg  for  55%  erythema 

CC-2  nqtteous ( 10%,  ZnO)uni|er-  3.1  m* for 35%, erytlwma 
wnir  (underneath) 

Carlton-coated  HUT  (top)  3.1  m*  ‘-a-  70%  erytls-nm 

(V  2  solvent  (*ICK  20%  CnlXl.l  3.0m* for 8*%erythenin 
(utalerts>athl  3.0  in*  for  12%  vesiele* 

CC  2  aqurtat*  ( 10%  ZuO)(top)  4.1  mg  for  47%  vrsieles 
CC  2  nqueoit*  ( 10%  Znt  1 1  under¬ 
wear  (umh-nsaith) 

CC  2  aqmssiK (20' r  Cn<XM(t«p)  3.0  at*  for  47%  vrstrfe* 
CC  2  aquettu*  (20%  CaCOi)  tin* 
tlerwejir  (tiinlcroenlli) 

O'  2  solvent  (TCK  20%  CafX»d 

(lept  3  0  nig  for  07%  Ve*iefe* 

4V  2  solietfl  I  TCK  20%  tWO  l 
underwear  (mslrmeath  t 

per  cent  or  more  of  the  subjects.  Corrcsptmdin* 
figures  for  singk*-laycr  anti  two-laver  ( V-2  clothing 
are  IO  ami  20  g  m-  rrqirrtiwly.*  "  Ifntmtr,  in  a 


some  of  the  subjects  wearing  one-layer  CC-2  clothing 
at  contamination  densities  of  2  and  5  mg  m1  rvs|sv- 
tivcly.*  Wet  clothing  protects  more  effectively  than 
dry  clothing  untier  those  cx|>crimcntul  conditions.” 

Tests  have  also  l>een  carried  out  with  a  variety  of 
fabrics  with  single  dro|>s  (or  multiple  drops  applied 
to  one  spot)  of  11  to  determine  the  maximum  weight 
of  drop  against  which  the  test  fabric  will  protect. 

In  these  tests,  two  layers  of  protective  clothing  were 
shown  to  lx>  20  IK)  times  as  effective  as  a  single 
layer.  The  ratio  is  alxmt  2  in  tests  with  fine  droplets, 
ns  discussed  in  the  preceding  paragraph. 

II  in  droplets  of  approximately  0.000  mg  (0.2  mm5) 
penetrates  two-layer  unimpregnated  fabric  more 
readily  than  similar  silted  drops  of  the  liquid  nitrogen 
mustards  and  is  a  letter  vesicant  agent.  With  43-mg 
drops  (4  mm5)  and  two  layers  of  CC-2  impregnated 
fabric,  UNI  and  I1N3  do  not  cause  such  severe 
lesions  as  II,  even  though  most  of  the  IT  is  destroyed 
by  the  impregnated  fabric.51 

Field  tests  have  lieen  carried  out  in  this  count  rv,  in 
Panama,  and  in  Australia  hi  determine  the  protec¬ 
tion  against  II  provided  by  CC-2  garments  under 
practical  field  conditions.  In  atypical  trial  in  Florida, 
the  wotslcd  terrain  was  contaminated  wit-h  50  150 
g  m5  by  statically  fired  Isimlts.  Tim  temjfemturc  was 
80  85  F.  Patrols  enterrd  tlie  contaminated  area  at. 
various  times  anil  performed  suitable  maneuvers.  If 
the  maneuvers  required  the  subjects  to  crawl  on  the 
ground  within  an  hour  or  two  after  contamination, 
they  were  burned,  even  when  clothed  in  two-layer 
CC-2  impregnated  garments.  Most  of  the  bums  oc¬ 
curred  on  the  ellsiws  and  the  knees.  However,  only 
orytliemas  resulted  if  the  ami  was  walk-traversed  nt. 
this  time  by  the  subjects  clotltcd  in  two-layer  CC-2 
impregnated  garments.  After  48  hours,  subjects  wear¬ 
ing  miimprrgnatcd  miter  garments  and  impregnated 
shorts  could  walk-tmverse  the  area  without  Imainl.54 
Trials  at  San  Jose  in  Panama  in  tropical  jungle. 

I  (-contaminated  to  JO  30  g  m5  also  indicate  patrols 
can  traverse  the  area  2  hours  after  contamination 
ami  that  the  resulting  lesions  will  depend  on  the 
severity  of  the  maneuvers.  Subjects  clot  Iasi  in  two- 
layer  ( '( ’-2  garments  can  enter  t  lie  area  2  hours  after 
contamination  ami  remain  lor  21  hmtrs  providing 
areas  of  vinldc  liquid  contamination  an*  avoided.”  15 
Field  trials  in  tropical  jungle  in  Australia  indicate 
tna»ps  cbt lied  in  two-layer  CC-2  clothing  can  trav¬ 
erse  terrain  24  hmns  after  it  has  ls-en  contaminated 
with  approximately  10  g  m5.  After  48  hmirs.  the 


8MKKT 
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pm*  swr.rT'-  r  _»r 


m 


terrain  nut  lie  occupied  by  troop*  wearing  two-layer 
C(’-2  ck>thing.,l'n 

No  field  trial*  involving  the  use  of  ehemieal  agent* 
have  lieen  carried  out  with  subject*  wearing  curium 
clothing. 

*U  CVS  t:il\MHKR  TKST8  ON  WORN 
PKRMKUU.K  PROTKCmVK  CLOTHING 

Heveral  series  of  chnmlier  trial*  have  lieen  carried 
out  in  this  country  and  abroad  to  asses*  the  protee- 
tive  properties  of  ('(*-2  and  earimn  garment*  which 
have  I***!!  wom  for  I  or  more  week*  in  field  wearing 
trial*.”  In  Table  3,  the  result*  obtained 

with  different  type*  of  protective  garment*  in  any 
one  wearing  trial  are  grouped  together.  Valid  com¬ 
parison*  cannot  lie  mode  lietween  different  type*  of 
garment*  wom  in  different  wearing  trial*.  Table  I 
should  lie  consulted  for  a  more  complete  description 
of  the  garment*. 

Data  on  rarlsm-imprcgnated  garment*  (methyl- 
cellulose  procedure  anil  casein-formaldehyde  plant 
procedure)  indicate  a  rnpid  decrease  in  duration  of 
protection  after  2  daw’  wear.  Garment*  prepared 
from  carlsm-rayon  staple  filter  rial  from  yam  con¬ 
taining  28  per  cent  N-IX2  cnrbrrt  performed  I  tetter 
than  the  Tv|te  148* 

A  field  evaluation  of  (’('-2  and  carlsin-citated  her- 


ringltonc  twill  was  carried  out  at  (  amp  Dtanding, 
Florida,  by  the  C\VS  during  the  summer  of  Ity4ii. 
Data  on  this  field  trial  have  not  Iteen  published;  pYe- 
liminary  information  indicate*  the  durution  of  pro¬ 
tection  after  2  weeks’  wear  to  lie  lc*s  than  hi  the  ease 
of  the  Camp  Lejeunc  data  given  in  Table  3. 

All  data  indiente  a  large  drop  in  the  duration  of 
protection  provided  by  garment*  which  have  ln<cn 
worn  under  hot  humid  conditions.  The  rate  of  loss  of 
active  chlorine  is  much  less  under  temperate  or  cold 
weather  condition*  (consult  Section  30.5.4),  and  thn 
chamltcr  performum*e  after  a  given  peril*!  of  wear 
should  Ite  correspondingly  lietter.  Presumably,  the 
same  will  lie  true  of  curium  clothing  wom  under  con¬ 
dition*  such  that  the  subject*  do  not  |terspire  ex¬ 
cessively. 

In  tlte  ense  of  chlommide-impregnateil  clothing, 
the  durution  of  protection  for  any  one  subject  ex¬ 
posed  in  tlte  chomlier  to  H  vapor  is  proportional  to 
tlte  ehloramide  content  of  the  garment  for  any  given 
inpregnation  process.  This  is  true  even  though  the 
ehloramide  present  amounts  to  several  times  thut 
theoretically  neeileil  to  detoxify  tlte  II.**  **  Tlte  rela¬ 
tionship  iietween  the  (X -2  content  of  worn  garment* 
nnd  thedumtion  of  protection  under  chomlier  condi¬ 
tion*  i*  illustrated  in  Table  4. 

The  nlmve  data  show  no  nudden  change  in  the 
duration  of  protection  provided  by  CC-2  garment* 


Tasi.e  3.  Summnriml  man-hrrak  results  of  chandler  evaluation  of  worn  t‘C-2  and  curium  ontrrgarment*  with  new  short* 
against  II  vn|Mtr. 


No.  nf  chmnlicrex|ii»i!irp*  nt 
110  F  nnd  till 

Protective  garments*  Wcnr  Newt  After  wear 


Panama.'*-**  Marrh,  7H  E ami  W'J  II II  mean  day  and 
night 

(’('-2  ZnOataliiliml  sotven* 

('(’•2  slnialard  noneon*  |mim« 

('amp  Is-jcnne.  X.C.,**-**  August,  77  F and  72V;  III  I 
mean  day  tins* 

(V-2slamlanl  m,iHsuis  itroccss 

t  *t  ’*2  aqueous  system,  low  litmler 
Cam|>  Is'jennc,  N.t  Jtili .  *0  Kami  NO';  ltd 
mean  day'imc 

t  'arlsm-rnymi  thsiltle  l  will,  Tyi»-  1 4* 


<  'artsm-rayisi  ilmilile  twill,  Type*  mo  lot  (PtV 
eartsm  * 

(‘srluHi-r*  sited  HHTt\-t*2  eartsm,  ItnnSAN) 
Australia.11  May,  77  F  amt  7.V  till  mean  daytime 
('<'-2unstaliiliretlsiilvetit  M-l  |irom<s 
t '(’-2  Stamford  aqnnais  Xavv  M-2p-neo<*« 


fi  iLnvs  simulatcil  mmliat  wear 
fitlays  simulated  eisnlsil  wear 


I  day  imphilsiais  training 
.*•  itavs  field  rifle  prnrtlrc 
Allays  field  rifle  pniencr 


2  weeks  simulated  enmlsit 
4  weeks  simnlatetl  mmliat 
fl  weeks  simulated  enmlmt 

4  weeks  simnlatetl  enmlmt 
4  week*  simnlaleil  nsnlstt 

2  weeks  ftrtii  ctPtrW« 

2  weeks  fiehl  eterrises 


r,.7hr(20sg' 
4.3  tir(20*g) 

1.2  hr  (20  Mt) 
1.7  hr(20gg) 

4Jhr(20*g) 

1.2  hr  (20  *g) 

«.l  hr(20*g) 

1.3+  hr  (20  eff) 

4..ihr(40*g) 

4.5hr(40jig) 

a..<ihr(40*g) 

2.0+  lirflOeg; 
2.2  hr  (ft  eg) 

1  hr  (.leg) 

4.4  hr  (10  mi) 
fl  hr(20Mt) 

I  .K  hi  Cieft) 
l.nhrC.eg) 

>l.2li-(tr>Mt) 

>  1.2  hr  (1. -i  *g) 

>l.2hr(l.*>eft) 
>1.2  hrd.’ieg) 

•  T»Mr  I  nttottU  Itt*  ratiNlttil  fuf  •  nmff  r*m»f4rt r  nf  llr  wfWuRt. 

I  VaU*»  tnk«-tt  from  T»W*  I. 
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T  ifti.B  4.  Duration  iif  imitpotinn  ncnitr»t  If  vapor  pr«»- 
viiliil  liy  worn  ('(’  2  <iM(tIr-l:iycr  garment"*  phi*  *hiiti*. 


(Inrment* 

('('2  xliimliinl  ihiihmiiin  wi.rtt 

III  l"*t 

('('  2  xtiiliilinil  solvent  worn 
in  Rini.nin"-** 

('('  2  »inliili*wt  solvent  worn 
nl  Ikiinhriilgr.  Mil.t-**." 

(V-2  tin*tnhiliiM*i  solvent  worn 
nl  Itninfrrwlar.  Mil.t**.*1 

(’(’  2  sinmltml  fttpiissi*  worn 
in  North  Cnmlins4".** 

('('  2  winmlnrcl  ni|ticmis  worn 
in  North  (*nwtinn** 

IV-2  aqueous  system,  low 
taroter,  worn  in  North  Caro- 
linn*"-** 

(V  2  aqueous  system,  low 
I  limit  >r,  worn  in  Vorth  Caro- 
linn*"-**  /  J 

(V-2  stamhtrdtoqucnus  worn 
in  North  (Volina** 

<'<’-2  slamf/int  aqueous  worn 
In  IvIfl'Vy  NK7* 

(V  2  str/alanl  aqueous  worn 
in  Put* 


Art  1  vc 
chlorine 
mntrnt 

No.  of  I -hour 
clmmtirr 
ex|*«um«nt 
‘W  Kami 
«3  8.V;  till 

O.I3mg/rm* 

l.7| 

<25  xt) 

0.13  m* 'em* 

1.2 

(20^1 

0.17  mg'rm’ 

1.8 

(20x0 

O.I7mg/fm* 

2.1 

(SOxt) 

0.18  mg  mi* 

1.2 

(20  xt) 

0.23  mg/rm’ 

1.3 

(20  Xt) 

0.24  m*  'rm* 

Lo- 

(20x0 

0.28  mg/rm* 

bS - 

(20x0 

0,20  mg/rm* 

2.1 

(20x0 

0.3  mg/rm’ 

27} 

(23  x0 

0.31  mg  /rm’ 

t.K 

(20x0 

■  'rrMe  I  •IhhiI'I  In*  nmMiitnl  tor  a  moo*  nmu4i.tr.  <lmrri|*k*i  ot  (hr 
.■’•Wills.  Xrw  orrnml*  nmtain  a  pfmnt  stately  tOrj.  CT-3  -univalent  In 
0/>  me  aetivr  rhloriiH*  |»*r  i.iuare  erntimrter. 
t  Oinnihrr  erahnlkm  without  short", 
t  I >itln  n*m)i*utnli*(l  from  oriainul  n*|mrt. 


tin  the  active  chlorine  content  itt  reduced.  (V-2 
aqueous  impregnated  gnrmcnts  protect  for  a  some¬ 
what  shorter  peril*!  of  time  than  tloCC-2  mil  vent  im¬ 
pregnated  garments  of  a  similar  low  <’('-2  eontent 
when  tested  nntler  tlie  standard  NHL  cltamlter  con¬ 
ditions.  Present  praetiee  culls  for  the  rcimprcgnation 
of  garments  after  the  ( ’( ’-2  content  has  fallen  to  one- 
tliirtl  its  initial  value; 4n  Mwever,  it  is  obvious  that 
I  lie  need  for  rcimprcKnatiun  is  tlepemient  upon  the 
duration  of  protection  which  must  Is1  provided. 

Only  limited  dataare  available  conrcmingt  lie  dura¬ 
tion  of  protection  against  I!  vapor  proviiled  by  worn 
and  rcimpmgnntcd  (’('-2  clothing  under  chamlier 
conditions.  In  general,  the  numlier  of  chamlier  ex¬ 
posures  for  which  subjects  will  lie  protected  is  de- 
liendcnt  on  t  1h*  (V-2  ctuitent  of  tlie  garments,  A 
certain  amount  of  chamlier  data  are  available,  how¬ 
ever,  which  indicates  garments  originally  impreg¬ 
nated  by  tin1  eolv«*nt  system  ami  reimpregnnteil  by 
the  nquetst*  system  protect  for  a  longer  peiiisl  than 
wmihl  lie  predicted  on  the  liasis  of  the  active  chlorine 
content.**  (V-2  garments  rcimpn*gnatcd  with  an 


S-330  paste  protect  for  a  shorter  |>eriori  of  time  than 
would  lie  expecteil  on  tlielmsisof  the  active  chlorine 
contents.** 


M-3  TROOP  WEARING  TRI\LS  TO  DE¬ 
TERMINE  IRRITANCY.  1)1  K  MIII.ITY. 
VNI)  RATE  OF  IMPRKONITK  LOSS 

wt.5.1  In  trial  net  ion 

Most  of  the  various  type*  of  i*>rmeah!e  protective 
clot  liing  have  lieen  worn  in  one  or  more  t  nsip  wearing 
trials  with  the  objective  of  obtaining  relialile  data 
conrrming  certain  rhnraeteristies  of  the  clothing 
whirli  cannot  ls>  evaluated  in  the  Inlwimtory,  namely, 
irritancy  and  comfort,  durability,  and  rate  of  active 
agent  loss  on  wear.  In  many  eases,  tlie  worn  clot  hing 
from  tlie  field  wearing  trials  has  lieen  evaluated  later 
against  H  vapor  in  a  chamlier;  however,  vesieiuiis 
have  not  lieen  used  in  the  wearing  trials  themselves. 

In  a  typical  wearing  trial,  5-10  different  tyjies  of 
protective  clothing  may  lie  evaluated  by  having 
groups  of  io  30  men  wear  eneli  type  of  riot  liing. 
TV  clothing  is  usually  worn  24  hours  a  day  for  0 
days.  On  the  seventh  day,  the  subjirt*  an*  allowed 
to  I  Hit  he,  tlie  clothing  is  unshed  and 'dried,  and  the 
test  resumed  on  the  eighth  day  for  another  week, 
usually  with  the  same  subjects.  Tlie  subjects  an* 
inspected  daily  for  irritation;  the  elotliing  is  in¬ 
spected  weekly  for  signs  of  wear  and  analyaed  for 
impregnite  content.  Tlie  severity  of  tin*  test  will  de¬ 
pend  upon  tlie  wratlier  conditions  ami  tlie  exact 
manner  in  which  tlie  test  is  condtirtcd. 

30.5.?  Irritancy  of  Permeable  Protective  , 
Clothing  '. 

The  irritation  cattuml  by  the  wearing  of  either  im¬ 
pregnated  or  unimpn-gimtcd  clothing  is  a  function 
of  the  severity  of  the  conditions  under  which  the 
clothing  is  worn.  Under  temperate  or  cool  weather 
conditions,  clothing  impregnated  with  (V-2  by  any 
of  tlie  solvent  or  aqueous  procedures  will  cause  a 
negligible  amount  of  irritation.4171  Under  seven* 
tmpical  conditions,  whether  or  not  irritation  isTiiro 
will  de|s*nd  on  such  factors  as  the  numlier  of  layers 
of  impn*gnati*d  clothing  worn,  amount  of  air  circula¬ 
tion  permitted  by  untiut toning  clothing  during  the 
daytime  or  wink*  sleeping  at  night,  fnspteney  of 
I  lathing,  frequency  of  laundering  tlie  clothing,  dura- 
thm  of  contininats  wear,  tempemtun*  and  relative 
humidity  at  nighttime,  and  t.ie  procedure  employed 
in  tlx*  impregnation  of  the  clothing. 
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In  flu-  following  paragraphs,  a  brief  review  will  lie  Navy  protective  clothing  worn  by  the  Marine!*  is  of  a 


given  of  the  results  of  the  more  important  wearing 
trials  carried  out  under  hot  humid  weather  condi¬ 
tions. 

1.  Panama,  I A 13.“  Two-layer  clothing  impreg¬ 
nated  with  ( '( ’-2  hy  t  he  standard  nqmsius  procedure, 
('('-2  l»y  tlie  unsfnhiliaisi  solvent  procedure,  and 
H- Hil  hy  two  aqucmis  procedure*  was  worn  day  and 
night  for  six  4-* lay  perusl*  under  severe  conditions. 
Temperature  and  relative  humidity  average*!  80  F 
ami  82  per  cent.  Clothing  impregnates!  with  CC-2 
hy  the  unstahilize*!  solvent  p recess  was  sntisfact4>rily 
tolerated  although  it  appeared  t«*  lie  slightly  more 
irritant  than  unimpregnated  clothing.  Clothing  im¬ 
pregnated  with  CC-2  hy  the  standard  atpusMis  pro- 
cxslure  was  m«ire  irritating,  fait  still  satisfactorily 
tolerated  hy  a  majority  of  the  men.  Clothing  im¬ 
pregnate*!  with  H-401  paused  incapacitating  skin 
irritations  after  a  few  days. 

2.  Krigrwood,  10  W.*-*1  Two-layer  clothing  impreg¬ 
nated  with  ( *C-2  hy  a  numlier  of  modifications  of  the 
s  tandard  solvent  and  aqueous  proce*iures  was  worn 
day  and  night  for  thday  periods.  Temperature  and 
relative  humidity  averaged  70  F nnd  71  percent.  The 
objective  of  the  wearing  trial  was  to  serve  as  a  guide 
for  research  on  tlie  development  of  less  irritating 
aqueous  impregnated  clothing.  Small  numbers  *>f  men 
were  employed  so  that  a  large  numlier  of  systems 
e*Hild  Is*  c\ aluatcd;  c*irse<|uently,  mnnv  of  the  dif¬ 
ferences  oliscrvcd  are  n*»t  statistical  .7  significant. 
CC'-2  garments  impregnated  hy  the  aqueous  pro¬ 
cedure  were  more  irritating  than  those  impregnated 
by  the  solvent  procedure.  Calcium  carlionatc  stabi¬ 
lised  wutetms  CC-2  impregnate*!  garments  were  less 
irritant  than  those  prepare*!  with  nine  oxide  os  a 
stabiliser. 

3.  Panama.  I944.*-4*  Outergarmcnt*  ami  shorts 
impregnate*!  with  CC-2  hy  the  calcium  carlionatc 
stabilized  a*|uc*ius  ami  the  unstahilizixl  s*i|vent  pro- 
cedtires  were  w«im  hy  Army  personnel  under  seven1 
conditions  day  and  night  for  two  0-day  peri*  a  is. 
Temperature  and  relative  humidity  averaged  80  F 
an«l  77  per  cent.  Both  types  «if  clothing  were  satis¬ 
factorily  tolerated  although  the  solvent  impregnated 
clothing  was  th.  less  irritant  of  the  turn.  .Marine 
pcrsmincl  wore  •--.  I vent  nnd  aqueous  single-layer  gar¬ 
ments  impregmit  d  with  CC-2  staMlizod  with  25  jier 
rent  sine  oxide,  n  id  unstnhiliicd  solvent  impregnate*! 
garments.  AH  we  re  satisfactorily  t«i!enite*l.  Dilimrr 
in  irritation  came*!  hy  the  three  types  of  gr.'ment* 
were  t*s»  smuH  t*i  la*  reganle*!  os  i"q\  -rant  Tlie 


*lifferent  ilesign  tium  tlie  Army  pmUetive  clothing 
(suspenders  hoki  up  tlie  tnHis*>rs,  and  tliere  is  no 
licit  around  the  waist),  a  ract  which  accounts  for  the 
smaller  degree  of  irritation  diserved. 

I.  Kdgcwood,  1944.*  *  Two-layer  clothing  impreg- 
natc*l  with  C( -2  hy  a  variety  of  aqueous  and  solvent 
promlnre*  was  worn  hy  small  group*  Ilf  men  day  ami 
night  under  severe  romiitions  for  two  (winy  periods. 
Temperature  an«l  relative  humidity  averaged  7»  F 
and  75  |ier  cent.  Additional  data  were  obtained  in¬ 
dicating  calcium  rariamate  stabilised  aqueous  CC-2 
impregnated  clothing  to  In'  less  irritant  than  corre- 
s|ainding  sine  oxide  stabilized  clothing.  The  us*'  of 
one-thin!  the  normal  amount  of  chloropumffin  binder 
did  not  increase  the  irritancy  to  a  measurable  tlegrre. 
Cariam-eiaite*l  garments  w«int  over  unimjirvgnnted 
umlerwear  were  sulistnntinlly  nonirritnnt. 

5.  ('amp  licjeune,  North  Carolina,  !944.*n  Single- 
la.ver  (X.-2  impregnated  garments  ami  garments  pre- 
partxl  from  the  curlam-my«in  fabric  were  worn  12-18 
hour.*  |ier  day  nndet  simulated  riunlmt  conditions. 
Temperature  and  relative  humidity  averaged  79  F 
ami  75  per  cent,  hew  than  t  per  cent  «if  thr  men 
showed  any  signs  of  irrita  '.in. 

<4.  Cannanore,  South  India,  I944.*n<httergarmciits 
ami  shorts  impregnated  with  CC-2  hy  t  lie  unstuirilisctl 
solvent  process  and  the  sine  oxide  stabilised  aqueous 
process  were  worn  24  hmtrs  a  day  for  peri**!*  up  to 
7  «lays  tinder  severe  etinditions.  Temperature  nn«l 
relative  humidity  ranged  from  an  average  low  of  70  F. 
and  53  per  cent  to  an  average  high  of  94  F  and  79  per 
cent.  Of  70  oliservcrs  wearing  M-J  or  M-2  impreg¬ 
nated  outergarments,  5  per  cent  hud  significant 
genemlisc*!  skin  rash  due  to  the  CC-2  clothing,  00 
per  rent  had  mild,  transient,  insignificant  rashes,  ami 
the  remaining  subjects  were  unaffected.  None  of  the 
rashes  required  medical  treatment,  lait  it  is  con¬ 
sidered  that  those  lifted  as  significant  might  have 
liceoinc  troublesome  if  the  suhjrrts  had  iicen  on 
active  duty.  A  7-duy  wearing  trial  of  garments  im¬ 
pregnate*!  with  10-15  per  cent  CC-2  by  the  solvent 
pns-css,  ami  of  garments  impregnated  with  4  7  jier 
rent  CC-2  hy  the  aqueous  process  indicated  little 
difference  lietwren  tlie  garments  as  far  as  irritancy 
was  concerned.  CC-2  impregnated  garments  were 
found  t«»  la*  n«mt4»xie  wliercu*  subjects  wearing  AV 
impregnate*!  garments  rapidly  developed  severe  toxic 
symptoms. 

7.  Finschhnfon,  New  (itiinca,  1945,”  Outergar¬ 
ments  ami  shorts  impregnated  with  (*(‘-2  hy  the 
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calcium  earlamate  and  sine  oxide  stabilised  aqueous 
procedures,  and  the  calcium  earlamate  stabilised 
solvent  procedure  were  worn  24  hrnirs  a  <lay  for  two 
7-slay  periods.  Hubjects  rvere  permitted  to  tiathe 
daily.  1’empemture  and  relative  humidity  averaged 
Ml  F  anti  83  |**r  cent.  None  of  the  fypes  of  clothing 
were  very  irritating. 

8.  Camp  Hlanding,  Florida,  '1945.**  Ttvo-layer 
CC-2  garments  impregnate*!  by  the  solvent  ami 
aqiu-sis  procedures  were  worn  during  a  2-week 
tactical  exorcise.  Temperature  and  rrlative  humidity 
averaged  83  K  anti  tift  per  cent.  The  performance  of 
the  troops  wearing  the  clothing  appeared  to  Ite  as 
gtssl  as  that  of  other  troop*  wearing  standard  unim- 
pregnated  one*lnyor  IIBT  fatigues.  The  men  «lid  not 
a|>pcnr  more  exhausted,  althistgh  they  did  seem  to 
la*  more  uncomfortable.  A  lull  report  on  this  wearing 
trial  has  not  lieen  issued  by  tlie  Technical  Division, 
CW8,  at  the  time  of  writing. 

ft.  Camp  Iiojo>uie,  North  Carolina,  1945."  Single¬ 
layer  ( X  '-2  impregnated  garments  ami  several  type* 
of  rnrlam  garments  wen*  w«irn  24  hour*  a  day  for  a 
scries  of  A  day  periods  under  simulated  eomlmt  con¬ 
ditions.  Temperature  and  relative  humidity  averaged 
80  F  and  8tl  per  cent.  No  increased  numlicr  of  skin 
irritations  were  oliscrved  in  the  ease  of  timer  subjects 
wraring  the  pmteetive  clothing. ns  contrasted  with 
those  not  wcaring  protcctivc  clothing. 

10.  Pmserpine,  Australia,  Ift45.r*  Singh-layer 
aqueous  T  of  0  C(%2  impregnated  garments  wen* 
worn  24  hours  per  <lay  for  0  days  and  nights  by  paro- 
tnrnps  in  active  training.  Temperature  and  relative 
humidity  in  the  afternoon  averaged  85-90  F  and 
40  00  prr  rent.  The  Milijeets  were  allowed  to  tmthc 
«mce  a  w**ek.  There  were  no  signs  of  systemic  intoxi- 
entum  or  of  rhemieal  dermatitis,  nlthwigh  some  ir- 
ritanry  was  olierrvcd  wK-b  passe*!  *»ff  with  coti- 
tinuous  wear. 

Several  wearing  trial*  under  tropical  conditions 
with  AV  impregnated  clothing  liav**  pnsluced 
metlwmoghdunemia,  cyanosis,  ami  malaise .«*■»•  *•  It 
is  to  lie  noted,  on  the  other  ham),  that  all  wearing 
trials  with  C C-2  impregnate*!  clothing  have  eon- 
firmrri  its  nontoxic  properties. 

A  realistic  field  exercise  involving  the  use  of  If  has 
indicated  that  a  high  percentage  «*f  completely  pro- 
t»*etcd  tesijs  we-rmg  masks- and  tw*»-tnycr  snlvrat 
impregnated  tt-2  clothing  nmier  tropical  conditions 
(80  F,  95  per  rent-  Ril  l  may  (IsvHiip  a  discomforting 
Imt  not  incapacitating  dermatitis  after  W  hours’ 
wearing  «f  wet  impregnate*!  clothing.1* 


Tlu*  conclusion  to  Is*  drawn  from  t  in*  data  reviewed 
almve  appears  to  is*  that  CC-2  impregnated  clothing 
(^insisting  of  an  *Mitergarment  alone  or  an  outergar- 
ment  plus  shorts  can  la*  expected  to  la*  essentially' 
mmirritant  under  hot  and  humid  tropical  comli- 
tions,  regardless  of  the  method  of  impregnation. 
Judgment  must,  la*  more  reserved  in  tlu*  ease  of  t*vo- 
layer  garments,  although  the  results  obtained  at 
('amp  {(landing  indicate  they  also  should  la*  suf¬ 
ficiently  nonirritant  for  use  under  severe  tropical 
conditions.  Stabilised  or  unstuhiliscd  solvent  im¬ 
pregnated  clothing  is  undoubtedly  less  irritant  than 
zinc  oxide  stabilised  aqueous  impregnated  clothing. 
Calcium  earlamate  stabilised  aqueous  impregnated 
elotbing  is  less  irritant  than  corr*>*|Mmditig  elotbing 
stalnlised  with  sine  oxide.  Tlu*  last  fact  is  of  no  im¬ 
portance  in  the  wearing  of  clothing  consisting  of  one 
layer  or  one  layer  plus  shorts;  whether  or  not  the  dif¬ 
ference  will  la*  of  practical  significance  in  the  case  ol 
two-layer  protective  clothing  remains  to  la*  deter¬ 
mined. 

( ’ariam  clothing  is  os  nonirritant  under  hot  humid 
etmdiiions  as  untreated  clothing  of  a  similar  weight, 
and  jawosity.  Tlu*  only  ease  on  r»*eor*l  of  curium  cloth¬ 
ing's  causing  irritation  to  tlu*  skin  was  with  an  early 
experimental  nin  of  the  eariswi-eoated  fabric*.  Un- 
laundcrcdVtrmcntK  prepared  from  this  material  were 
worn  by  tna>ps  under  hot  dry  conditions  in  a  Cali¬ 
fornia  desert  ami  were  found  to  la*  sufficiently  stiff 
to  irritate  the  skin.  This  is  considered  to  la*  of  no 
importance  in  view  of  the  improvements  sinc*e  made 
in  the  textile  characteristics  of  this  material.4* 

30.5.5  Durability  of  Permeable  Protective 
Clothing 

All  wearing  trials  have  demonstrate*!  tlu*  durability 
of  sine  oxide  or  ealrium  earlamate  stalalised  ('(’-2 
impregnated  elotbing  to  la*  e*|iial  or  superior  to  tin- 
impregnated  clothing.' M-*'-4,-4SW  Clothing  impreg- 
nateil  by  tlu*  unstalalised  solvent  pr*a*ess  may  la* 
slightly  inferior  to  unimpregnnted  clothing:  in  r,ny 
ease,  it  dors  not  «liffer  greatly.' 

A  f-month  wearing  trial  under  simulated  eomlmt 
conditions  of  garments  prepare*!  from  cnrlam-coated 
iK*rringlame  twill  indicates  tluit  they  are  as  ilurable 
as  untreated  HBT  garments.*'  Longer  wearing  trials 
liavr  not  Is’en  parried  out.  The  durability  of  the 
various  rurism-impregnnlcd  garments  slsmld  Is* 
similar  to  that  «if  garments  preparetl  from  (4«e  Imse 
fabric. 

The  duralality  of  carUm-mvon  garments  «l**pen«ls 
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upon  the  details  of  the-  toxtilo  construction  of  the 
fabric.  T1h»  results  of  a  2  1 1- week  wearing  trial  under 
simulated  eomltnt  conditions  indicate  increased  dura¬ 
bility  results  from  double-plying  the  carlxm-myon 
yam  and  having  a  yam  with  a*  low  a  carl >on  content 
am  otlier  eonrtidernthtnrt  permit.  Fabric  prepared  from 
dotihk>-plicd  yam  retaining  32  per  rent  earixm 
(Type  MR,  Hone*  17(1)  rthowed  praetieally  no  signs 
of  wear  for  2  3  weeks.  Tliereafter,  tire  carlxm-mvon 
tltreadrt  frayed  rapidly,  and  large  areas  of  tlx*  gar¬ 
ment  were  fn*e  of  tlx*  carlxm-myon  yam  after  4 
weeks’  wear.  < Jarmcnts  prepared  from  falrrie  having 
a  rtimilar  construction  hut.  containing  28  per  rent 
carlton  in  the  yam  were  worn  for  4  weeks,  at  which 
time  they  appeared  similar  to  the  alxive  after  2  3 
weeks’  wear.  After  (1  weeks’  wear,  the  28  per  rent 
carlxm-myon  yam  had  lieen  completely  remow  I 
from  considerable  areas  of  the  gnrmcnt.  Gnrmcnt* 
pre|xirrd  from  earlxm-rayon  fabrics  containing  single- 
plied  carlxm-mvon  filling  yam  showed  signs  of  wenr 
after  a  shorter  pcrxxl  than  in  the  rase  of  corrcspond- 
ing  fabrics  containing  the  dmdde-plied  yam.  Gar¬ 
ments  prepares  I  from  carlxm-mvon  staph*  filx*r  ap¬ 
pear  to  lx*  more  dumhte  than  garments  prepare* I 
from  continuous  filament  yam.  Garments  prepared 
from  fabrics  having  34  per  cent  PCI  activated  earixm 
in  the  filling  vnm  do  not  differ  from  the  correspond¬ 
ing  garments  containing  National  earixm.  All  (lie 
carixm-myon  garments  showing  signs  of  wear  had  a 
striated  appearance  due  to  the  nonuniformity  of  the 
earixm  yam.  The  differences  lx*twcen  two  ndjarent 
nrcas  of  any  given  gnrmcnt  were  more  marked  than 
tlx*  differences  lictwren  different  types  of  garments. 
Nonuniformity  is  Ixdicvcd  to  lx*  inevitable  with  yam 
produced  on  a  small  sr.V:  ynm  pnxluccd  <m  a  large 
plant  scale  shtxdd  he  of  a  higfx*r  quality  ami  more 
uniform.*1 

ao.s.t  Rate  of  Ixmm  of  CC-2  from 
Impregnated  Fabrics 

The  loss  of  CC-2  from  impregnated  clothing  on 
wear  is  caused  primarily  by  the  reaction  of  tlx*  im- 
pregnite  with  perspiration.  The  rate  is  dependent  on 
the  severity  of  the  wearing  trials,  the  metfnxl  of  im¬ 
pregnation,  ami  the  pnx'cxning  to  which  tlx*  lxt*c 
fal»ric  was  subjected  prxir  to  the  impregnatkm  of  the 
garments  with  CC-2.  Because  of  the  jwolxUdr  chemi¬ 
cal  mmuniformify  of  the  herringfxme  twin  ttsrd  in 
all  wearing  trials  to  date,  all  data  on  impregnated 
hertinglxme  twill  garments  are  subject  hi  question. 
Data  obtained  with  the  Navy's  CC-2  impregnated 


garments  prepared  from  Amieu  cloth  art*  considered 
to  lx*  more  reliable  from  this  stanil|x>int  since  the 
Amxcn  cloth  is  prepared  by  one  conqxiny,  is  not 
pr<K*essed  extensively,  and  is  not.  dyed. 

Cutler  miltl  winter  conditions,  the  CC-2  content  of 
outer  garments  originally  impregnated  by  the  un- 
xtahiliaed  solvent  procedure  to  0.5  mg  active  chlorine 
|x*r  square  centimeter  (loading  equivalent  to  10  |x*r 
cent  CC-2)  will  have  decreased  to  0.15  mg  active 
chlorine  per  square  centimeter  after  48  days'  wear.41 
In  tlx*  cast*  of  tine  oxide  stabilised  aqueous  impreg¬ 
nated  garments,  the  CC-2  content-  will  luive  de¬ 
creased  to  a  similar  extent  after  30  days'  wear.41  As 
the  temperature  and  relative  humidity  at  which  the 
wearing  trials  ore  carried  ixit  are  increase*!,  tlx*  rate 
of  low*  of  impregnite  increases.  Under  severe  tropical 
conditions,  two-thirds  may  lx*  lost  after  I  2  weeks’ 
wear.  Most  of  the  field  wearing  trials,  earriixl  out 
under  tropical  or  ncnr-tmpbnl  conditions  and  de- 
serilx**!  in  Section  30.5.2,  were  carried  out  with  the 
objective  of  determining  the  active  chlorine  consent, 
of  tlx*  impregnated  garments  after  given  pcrxxl*  of 
wenr,  in  ndditinn  to  obtaining  data  on  tlx*  irritation 
caused  by  the  garments.  A  summary  uf  tlx*  more  im¬ 
portant  data  obtained  is  given  in  Tattle  ft. 

The  alxive  data  show  that  IIBT  garments  im¬ 
pregnated  with  CC-2  by  the  solvent  pr*wess  consis¬ 
tently  retain  active  chlorine  for  hmgrr  perhxls  than 
garments  impregnated  by  the  aqueous  pr*x*oss.  Al- 
tlxxigh  the  results  of  nny  one  of  the  wearing  trials  is 
subject  to  question  lx*eause  the  fabric  quality  is  un- 
cuniroUotl,  it  is  dixibtful  if  all  of  tlx*  data  can  lx* 
questioned  on  this  liasis. 

An  attempt  has  lx*m  mode  to  simulate  field  wear¬ 
ing  trials  by  having  subjects  wenr  patches  of  CC-2 
impregnated  falx-ics  stropped  on  tlx*  arm  or  sewn  to 
the  inside  of  their  undershirts.  Data  obtained  by 
tlx*se  two  types  of  patch  tests  are  not  always  in 
agreement;  furthermore,  it  has  not  lx*en  p*x*sihle  to 
dcmtmstmtc  the  superior  characteristics  of  fabrics 
impregnate*!  with  CC-2  by  tlx*  solvent  system.*  " 
Both  types  of  patch  wearing  trials  indicated  the  pr¬ 
essing  which  tlx*  Ixtse  fabric  remved  prior  to  impreg- 
nathxi  to  lx*  of  importance  in  determining  tlx*  rote  of 
loss  of  impregnite  on  wear.  Fabrics  given  a  severe 
processing  treatment  in  tlx*  finishing  plant  retained 
active  chlorine  fora  longer  peruxl  of  time  than  those 
given  a  light  pressing,  even  tlxxigh  lx»th  were  im- 
(rregnated  under  identical  r^didon*.7*"  Carefully 
controlled  confirmatory  full-scale  wearing  trials  have 
not  Ixen  carrie*!  out ;  however,  a  wearing  trial  in- 


AIM 


Kvmvriox  or  chmummiok.  \m»  carrox-thkctkii  KWIHICS 


T.  'Ut.v  Inn-  of  CC-2  dtirinn  troop  wmrinff  trinln.* 
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No  nHif)tt*innn  on  CC-2  |(M,  |Mn,|h|r 
fn»m  Mil*  tml.  Vrry  rrmllr  imuli* 
fn»m  wrrk  <11  wrrk;  wmthrr  not 
my  nrvrrr. 

Vrry  *mnll  numlirr  of  nnmirirM;  «nr- 
•will*  I  mini  for  0  wrrk*  nflrr  wmr 
Imforr  tlimilon.  I  lulu  on  timlrr- 
wrnr  on  onr  ffarmrnt  only. 

Dnln  lm*nl  on  0  nnntynr*  on  mrli  of 
from  5-11  Anmrn  will*. 
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Atlrqtutlr  nnmplinff  door,  ilnln  |*mli- 
*W,V  ,00*1  rrlialdr  of  nil  lr*l*. 
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veilving  tho  use  of  extensively  preswsscd  unit  lightly 
prexwsscel  Impregnated  herringtxaic  twill  wasearricei 
«Hit  in  I'lorliin  with  tin*  eihjcetivc  of  elctcrmlning  how 
well  certain  types  of  gas  protective  wpiipmcnt  wemtet 
hold  up  uniter  simulated  comlmt  eemelitiem*.  The  few 
analyse*  which  wem  maile  of  th<‘  eleithing  were  at- 
irregular  intervals;  neverthcle***,  the  data  obtained 
indicate  clotiiinR  theiremghlv  prex*esxed  in  the  finish¬ 
ing  plant*  io*t-  it*  impregnite  content  at  a  slower  rate 
than  similarly  impregnated  garment*  prepared  from 
liglitly  processed  hcrringlxmc  twill.*4 

Data  obtained  incidental  to  the  chamlier  testing 
of  (‘(’-2  impregnated  clothing  indiinte  that  much  of 
tlic  impn'gnite  is  lost  during  the  we*nr  following  each 
rhuml*cr  expostm*  mtlier  than  a*  a  result  of  the  action 
of  the  II  vapor  to  which  tiie  subjects  are  exposed.  It 
is  of  interest  that  garments  impregnated  by  t4ie  line 
oxide  stabiliacd  solution  system,  the  unstabiliaed 
solution  system,  and  the  line  oxide  stabilised  aqueous 
system  all  lose  an  equal  pe*re*cntngc  of  their  original 
active  chlorine  content  per  unit  of  time.  These  data 
indicate  the  three  types  of  impregnation  to  lie  similar 
in  tiie  loss  of  active  chlorine  due  to  exposure  and 
wear.4* 

30.5.5  Miscellaneous  Observations 

Certain  minor  disadvantages  attending  the  use  of 
carl  am  clothing  have  I  wen  indicates!  by  field  wearing 
trials.  Cnrixm-rnyem  garments  are  easily  wet  by 
water,  ami  they  dry  out  slowly.  Consequently,  the' 
garment*  an*  heavy,  ami  they  easily  piek  up  dirt. 
All  ty|ie*  of  carlsm  garments  uequin*  a  pronounced 
exleir  after  wear  under  tropical  conditions  bn-  several 
elays.  This  exlor  appears  tei  lie  mused  by  perspiration 
ami  is  removes!  by  laumt  ring*’ 

Threw  realistic  fie*lel  e-tfreisox  Involving  tin*  use  of  1 1 
ami  two-layer  protective*  edePhing  have  lswo  rc- 
port«l.*"-,,  n  In  Panama, eeimpletelyproteeteil  tre*>ps 
wein*  masks  ami  twenlayer  *olve*nMmpre*gu»ted  t  ’<  ’-2 
clothing  umle*r  tr*;pie*al  ceimlltiems  (NO  K,  1)5  pe*r  eent 
Hit)  ami  curried  out  simulated  e.melmt  maneuvers 


eiver  cemtaminnteel  terrain,  it  was  clearly  imiie-ateei 
the*  trexipx  hael  reelnewel  emlumnrc,  alertness,  amt 
moliility;  anel  their  ability  te»  use  the*ir  we*n|xm*  was 
impaired.*8 

Twewlnycr  CC-2  impre*gnateei  clothing  was  uses! 
eipcmtiemnlly  eluring  the  invaslem  of  Frame  in  the* 
e*arly  summer  eif  1044.  Only  a  hrie*f  re*|xirt  has  I  sen 
received;  this  imheates  that  the  eleithing  was  satis* 
fneteirily  teilcnited  by  tin*  seileliers.44 

.10.5.6  Summary 

• 

Aitbemgb  (lie*  usefulness  eif  pre»tee*tivp  clothing  lias 
not  lawn  eiemeinstmteel  under  conduit-  cemelitiems,  an 
extensive  serie**  eif  lalsiratory  ami  fielel  te*sts  with 
human  suhjet*ts  have  shown  CC-2  clothing  impreg¬ 
nated  by  the  seilvent  ami  nemcemx  pmceehtre**  tei  pres* 
viefe*  e*xce*lle*nt  preitee'tiem  against  II  in  the*  form  eif 
vn|xir  anel  small  elreips.  Tlte  various  type**  eif  carlsm 
eleithing  similarly  provielc  excellent  preiteetion  against 
all  types  of  kmiwn  vesie*ant  elmmiead  warfeire*  agents. 
Available  elniu  imlieate  Isith  t-y|x*x  eif  pmtce'tive*  gar¬ 
ments  can  Is*  expeeteel  te»  retain  a  misemalile*  ele*gre*e 
of  e*lficiene*y  for  I  -2  weeks  when  weirti  uneler  se*ve*re* 
tmpieal  conditions,  anel  for  as  lemg  ns  2  memths  whe*n 
weim  unele*r  reilel  weather  cemelitiems.  Wearing  trials 
have  sheiwn  tlx*  elothing  to  lx*  nemtoxir  ami  imlieate 
that  it  is  essentially  mmirritant-  w  hen  weim  uneler  all 
e*xewpt  tlx*  most  se»v«*re»  field  e*emelitiems.  Field  trials 
inelie*ate  that  trexip*  wearing  masks  anel  protective* 
eleithing  umler  fielel  remelitiexix  will  haw  redmwel  e*n- 
elumne-c,  nle*rtm*ss,  anel  meihility;  anel  tlx’ir  ability 
tei  us(*  their  wea|xms  will  la*  lm|Nilreel. 

Tlie*re*  is  a  neeel  feir  eieeitnite*  fledel  elata  em  the*  rate* 
eif  lets*  eif  CC-2  from  garments  impregnated  by  the 
stnmlnnl  and  ewrtain  ex|M*rimentnl  CC-2  feirmnln- 
tiems.  Particular  nttentiem  shesilel  la*  )aiiel  to  the* 
effect  eif  mill  pna*essing  rrwived  by  tlx*  fahrie  prior  to 
impn*gnntion.  Data  an*  larking  em  fielel  anel  e>hnmla*r 
|a*rformntieeetf  garments  lmpn*gnnteel  with  netivnteel 
e*nrixm  by  tlx*  letrHelilorea'Iliaiic-e'thylce'lhilose*  pro- 
ewehire. 


Chapter  31 


ANTIDOTES  FOR  POISONING  BY  ARSENICALS  AND  OTHER 
CHEMICAL  WARFARE  AGENTS 


Bv  limner  Adkitm  and  Wilkin *  Rene 


INTRODUCTION 


AHxkn'U'ai.  war  oaxkh,  ax  exemplified  by  0-ehlom- 
,  vinyldirliktrarsine  (lewisite)  and  rthyldichlorar- 
sine  (ED),  function  Ixith  ax  vesicants  and  ax  systemic 
poixonx.  Early  in  the  war,  Britixh  investigators  dis¬ 
covered  that  1 ,2-dimercaptopropanol  and  some  other 
vicinal  dithiolx  arc  effective  antidotes  for  arsenical 
blister  uases.1*  •*  Compounds  of  this  type  were  found 
to  prevent  vesication  by  lewisite  and  to  alleviate 
systemic  poisoning  by  arsenic,  if  applied  within  an 
hour  after  exposure  (see  Chapter  7).  Considerable 
attention  has  I  sen  devoted  to  the  synthesis  of  vicinal 
dithiols  and  to  the  formulation  and  rhanirtensation 
of  therapeutic  compositions  containing  these  agents.* 
Particular  emphasis  has  liecn  plarcd  on  1, 2-dimer* 
cnptopropnnol  (now  known  ax  BAD,  in  view  of  its 
outstanding  effectiveness  in  combination  with  only 
nuxlemte  toxicity. 


31.2  SYNTHESIS  OF  DT-OIMERCAP- 
TOPROPANOL  (B\L) 


Tlie  methixi  recommended  by  British  investigators 
involves  the  reaction  of  !,2*dihmmopropnnnl,  pre- 
pared  from  allyl  alcohol,  with  sixlium  hvdmsulfide  in 
tut  appropriate  solvent  medium.1*-1*  17  In  inititd  Na¬ 
tional  Defense'  Ht>senrch  ( 'ommitti'c  [NDIW  ’]  lalxira- 
tory  exjx'riments,  thb'pnx'cdurr  gave  fair  yields  of 
tlie  corresponding  l,2-dimcrcapt<ipropnnol  (BAI,I, 
I  sit  liiological  tests  revealed  the  pnxluct  to  lx»  slightly 
more  toxic  than  a  British  sample  employed  ax 

control. 

After  a  detailed  study  of  conditions  for  this  syn¬ 
thesis,  the  pnx*cdurc  recommended  for  evaluation 
in  semi-works  equipment  comprised  tlie  reaction  of 
tlx*  riihmmuhydrin  in  methanol  with  sexlium  hydro- 
sulfide  at  tit)  ( •  under  hydrogen  sulfiile  pressurrs  in 
the  ncighlxtrhixw!  of  Kit)  psi.’  It  was  f«xmd  most  con¬ 
venient  to  prepare  the  sixlium  hydnisulfiric  in  *itu 
from  hydrogen  sulfiile  and  sixlium  hydroxiile.  This 
imx'css  was  found  to  yield  BAL  of  satisfactory  final¬ 
ity  from  the  standpoint  of  toxicity  and  clx'micul 
properties. 


Precautions  must  Ire  taken  in  the  distillation  of 
BAL,  in  order  to  avoid  decomposition  of  the  product. 
Tlie  most  favorable  procedure  involves  topping  the 
reaction  mixture  to  remove  methanol,  neutralisation 
with  hydrochloric  acid,  extraction  of  the  BAL  with 
chloroform,  re-extraction  of  the  chloroform  solution 
with  10  per  cent  sixlium  hydroxide  to  remove  85  00 
per  cent  of  the  BAL,  and  finally  acidification  and 
isolation  of  the  BAL  from  the  caustic  solution.  The 
alkali  extraction  pnx-eriure  apparently  removes  im- 
puritiex  that  favor  decomposition  of  BAL  at  elevated 
temporal tires.  In  addition,  it  was  found  that  small 
amounts  of  ammonia  or  ammonium  salts  serve  to 
staliih'ac  BAL  during  distillation.1  The  alxive  process 
was  i  urrietl  not  sucrowfully  on  a  IO-|Mtunil  scale  and 
wits  ailaptcd  to  commercial  plant  mauuftu'tun>.  A 
complete  di>scription  of  the  pnx'csses  is  given  in 
DSHD  reports.1  * 


31.3  BAL  THERAPEUTIC  COMPOSITIONS 


With  the  successful  pnxluction  of  BAL  of  accept¬ 
able  quality  from  the  standpoint  of  toxicity  and 
eltemieul  stability,  tlie  attention  of  a  numlx'r  of 
Office  of  Scientific  Research  and  Development. 
{[OSRl>3  investigators  wax  directed  to  therapeutic 
preparations,  Ixith  for  protection  against  and  the 
treatment  of  lewisite  |xiixoning.  One  of  the  first 
problems  attacked  was  the  formulation  of  n  stable 
solution  of  BAL  suitalile  for  use  in  eye  therapy.  At¬ 
tention  was  given  to  the  chemical  aspects  of  tlx* 
problem,  particularly  in  connection  with  tlie  prepara¬ 
tion  of  stable  solutions  of  BAL  in  hvrimxylntcd  sol¬ 
vents  suitable  for  use  in  the  eye.’  BAL  proved  to  lx» 
quite  unstable  in  aqueous  solutions,  but  outxtiuidilig 
results  were  obtained  with  a  5.0  per  rent  solution  of 
BAL  in  highly  purified  anhydrous  ethylene  glycol. 
It  was  found  to  lx*  particularly  im|xirtnut  to  keep 
tlx*  iron  content  of  tlx*  solution  to  n  minimum, 
preferably  Ix'low  one  part  per  million,  and  to  cont  rol 
the  /ill  within  limit*  from  1.5  5.3.  The  solution  was 
adopted  by  the  Medical  Corjis  of  the  Army  as  the 
M-l  eye  solution. 
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1 1>  vest  ifetit  ion  of  HAL  whit  ions  in  peanut  oil, 
triacetin,  and  lieiixvl  lien  mate,  has  shown  that  a  high 
degree  of  stability  is  realized  in  the  alisetico  of 
hydroxylated  solvents.  A  preparation  of  10  |ier  rent 
HAL  in  DO  10  peanut  oil  Umxyl  lienzoate  has  prowl 
to  Is*  suitable  for  intnunuseular  injeetion  and  holds 
eoiisidemble  promise  in  several  eliniral  applications.* 

Through  the  eisiprrntion  of  representatives  of  tlie 
plmrnmeeutieal  industry,  XDRC,  and  the  Com* 
mitt (s-  on  Medical  Heseareb  [CMR],  15  pmtective 
ointments  containing  HAL  were  pn*j«irtsi  and  care¬ 
fully  investigated  from  the  standpoint  of  chemical 
stability  and  compatibility  with  HAL.  As  an  out- 
giowtli  of  this  general  program,  a  lanolin  base  oint¬ 
ment  was  adopted  by  the  Navy,  and  a  Isiric  acid 
Carlsavax  ethylene  glycol  base  ointment  was  tenta¬ 
tively  selected  by  the  Army.* 

31.1  \N\L(X;S  OK  HVL 

Concurrent  with  investigations  of  HAL,  an  ex- 
ploratoiy  study-of  chemical  analogs  was  undertaken 
with  the  objective  of  uncovering  materials  su|terior 
to  HAL  in  Isitli  therapeutic  activity  and  toxicity 
pro|H*rties.  Approximately  00  analogs  and  derivatives 
of  HAL  containing  a  plurality  of  thiol  groups  were 
prc|mrrd  and  submitted  for  evaluation.  Among  these, 
2.5-dimerraptopropyl  eihvl  ether  proved  to  lie  out¬ 
standing  for  arsine  thempy,  although  it  exhiliited 
toxicity  for  erythnsytes  an  action  which  is  not 
chamcteristie  of  HAL  itself. 15  In  addition,  a  novel 
approach  to  compounds  capable  of  lilicrating  vicinal 
dithiols  in  nilu  was  realized  in  fiM-H-nmidomet  by  It  bio- 
ethers  of  HAL,  prepared  from  the  dithiol,  formalde¬ 
hyde,  and  an  appropriate  amide.  These  compminds 
offered  tlie  advantage  of  lower  initial  toxicity,  im¬ 
proved  stabilityunder  tropical  storageconditions.and 
lack  of  objectionable  islor.  ^ther  pnslucts  synthe¬ 
sized,  which  proved  to  have  little  therapeutic  value  in 
the  biological  tests  carried  out  elsewhere,  are  dc- 
rivativ(*s  of  2,5-dimcrrnptopropionic  acid  and  con¬ 
densation  pnslucts  of  dithioglyccml  with  animate 
amines. 

31.5  II \L  OLICOSIDK 

Alsiitt  the  middle  of  I!)  1 1,  HAL  glucoside,  a  new 
and  apparently  nontoxic  derivative  of  HAL  un¬ 
covered  bv  Hritish  investigators,  was  brought  to  the 
attention  of  representatives  of  NDHC.14  Because  of 
its  low  toxicity,  this  agent  was  reported  to  lie  out¬ 
standing  for  use  intravenously  in  comliating  systemic 
IhiiMitiing  by  arsenical  war  gases.  Synthetic  work  on 


HAL  glucoside  was  undertaken  promptly  with  the 
aim  of  pmviding  CWS  and  (‘Mil  investigators  wiiu 
materials  for  therapeutic  evaluation.  Initial  attempts 
to  duplicate  the  Hritish  preparation  of  HAL  glucoside 
were  carried  (Hit  according  to  tlie  following  scheme: 

(•turner  ' - .  ►  Priitnnrrtylglamsr  Arrlulmmiiigln- 

gtihytlrcW* 

r<>w  Ally)  gtactwiile  Ictruurcliiic  2,3*1  >1- 

ltn>mo|imp.vl  gtumslik*  tctnuirrinte  HAL- 

gtiKSHsle  tsUMnertfilr  Hurium  H  A  I.  -glue,  wide 

For  thera|ieutic  use,  HAL  glucoside  is  lilicrutcd 
from  the  barium  salt  by  treatment  with  I  cquivof 
sislium  acid  sulfate. 

Tlte  first  product-  obtained  pro  vis  I  to  Is*  low,  lsnh  , 
in  thiol  and  total  sulfur,  although  animal  tests  by 
medical  inv<*stigators  showed  it  to  Is*  considerably 
less  toxic  than  HAL  and  highly  effective  for  arsenic, 
cadmium,  and  mercury  |s>isoning.  More  detailed 
studies  led  to  improved  pnslucts  which  wen*  re- 
jsirted  to  Is*  satisfactory*  fn*m  the  standpoint,  of 
toxicity  and  activity  following  careful  examination 
at  the  Medical  Hescan*h  folsnntory,  Ivdgcwisxl 
Arsenal.  In  general,  HAL  glucosido  ap|s*ars  to  Is* 
much  safer  than  HAL  for  intravenous  use  la*euuse  of 
its  low  lipoid  solubility  und  ability  to  form  stable, 
water-soluble  complexes  with  metals  such  as  arsenic, 
mercury,  and  cadmium.  I-Thiusorbitol,  available 
fmm  earlier  NDRC  work,  was  also  found  to  Is*  ef¬ 
fective,  although,  in  general,  monothiols  of  this  type 
are  required  in  larger  doses  than  dithiols  to  pnrvide 
tlie  same  degree  of  pmteetion  against  heavy  metal 
ixiisoning.'” 

Since  HAL  glucoside  is  somewhat  unstable  and  is 
prejmml  by  a  complex  series  of  nwtions,  experi¬ 
mental  work  on  the  synthesis  of  simpler  analogs  was 
undertaken  during  the  summer  of  1915.  It  was  Imped 
that  stable  vicinal  dithiols  solubilised  by  means  of 
sorbitol  or  mannitol  grou|is  might  Is*  obtained  by  a 
simple  series  of  reactions,  but  such  compounds  were 
not  found  ls*fore  the  end  of  the  war."* 

31.6  VNTIDOTKS  FOR  Ml’STARI) 

An  extensive  search  has  lieen  made  for  ant  idotes  for 
imisoning  by  II  and  the  nitrogen  mustards,  but  no 
compound  has  ls*en  found  which  is  significantly  ef¬ 
fective.  The  lack  of  success  in  this  search  is  probably 
due  to  the  fact  that  II  reacts  rapidly  and  irreversibly 
with  all  the  tissues  of  the  lssly,',  n  (sis*  Chapters 
19  25). 
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Dkcovtamixatiox  may  la*  defined  an  the  prow** 
of  removing  dnngcnsm  chemical  agents  or 
changing  them  info  harmless  sulmtaner*.55  The  rc- 
sean-h  undertaken  in  thin  subject.  during  the  Avar 
period  bus  not  resulted  in  tiny  surcping  changes  in 
the  practice*  of  the  Armed  Service*.  Nevertheless, 
mil  iMlvnnee*  have  lieen  made  in  the  accumulation 
of  Iwsic  knowledge. 

ft  iviin  shown  that  tecimi<|<ie*  which  are  highly 
successful  with  mustard  gas  ami  lewisite  are  not 
necessarily  applicable  with  nitrogen  mustards  and 
with  certain  lacrimators,  such  a*  bronutlteniyl  cya- 
nidciuid  chlonmcetopiienone.  Special  proccdiirr*  have 
iieen  developed  for  use  with  these  agcnts.,-l,-I,  s-l,  *}  ** 
A  search  for  new  types  of  «l«contaminant*  has 
shown  that  for  use  with  vesicants  nothing  compares 
in  efficiency  with  tlie  hypochlorites  and  the  chloram- 
ides  A  major  fiortion  of  tlie  effort  in  decontamina¬ 
tion  research  has  la<cn  devoted  to  the  study  of  formu¬ 
lations  of  those  active  chlorine  compounds  which  are 
superior  to  the  blench  slurry  and  tlie  solution  of 
tlie  rhlummidc,  1 ,3-dielilom-5,.'»-dimct hylhydnntoin 
(Rlf-195),  in  tctnichlometham*  which  arc  stamlanl 
Armed  Sen-ice  items.  An  improved  thickened  Ideach 
slurry  was  devised '» and  adopted  by  the  ( Tiemiewt 
Warfare  Service.  A  chhinimlile  dispersion  system  was 
developed  '*  '*-,T  which  is  superior  to  tlie  standard 
Army-Navy  noncorrosive  decontaminating  agent 
(DAXC;  It  1 1- 1  Ha  TCK)  .a  tlie  following  respects:  it 
is  less  corrosive  to  metals  ami  less  injurious  to 
(minted  surfaces,  ruMier,  ami  plastics;  it  is  made  up 
of  less  toxic  ingredients;  it  is  effective,  not  only  for  If, 
L,  and  the  nitrogen  mustards,  but  for  tin*  lacrimators 
as  well;  ami  it  <s  effective  on  a  single  application  in- 
sti*ml  of  requiring  3  or  4  applications.'551  Tlie  use  of 
this  material  was  not  eonsiderrd  acceptatde  bv  tin* 
Serviei**,  however,  Iss-uise  of  objections  to  the  time 
resum'd  for  field  mixing  ami  tlie  difficulty  of  remov¬ 
ing  iIm*  residual  film  left  by  the  system.*5  ** 

For  the  decontamination  of  protective  clothing 
containing  activated  curium,  two  procedures  have 
I  sen  dcvclo|Msl  wherein  tin*  v«**icant  agent  is  satis¬ 


factorily  removed  willxmt  ihuctivating  <Ik*  carlsm. 
These  proredure*  are  (I)  laundering  at  HOC'  using 
Kalye-A,  a  modified  mslium  phosphate  detergent, 
ami  (2)  dipping  in  a  cold  ntpicnuH  suspension  of 
HII-195  containing  sodium  earlsamte.’* 
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For  the  decontamination  of  vesicants  such  ns 
II.  la  or  nitnigen  mustanls,  no  other  glasses  of  com- 
pounds  luive  I  iron  ftatnd  which  react  so  rapidly  and 
reduce  tlie  hasard  so  effectively  as  tlie  hy|*ichloiites 
and  the  chloramides.  Tests  have  lieen  made  on  at 
least  *  t  compounds  of  a  wide  variety  of  chemieul 
type.-,  without  uncovering  other  sulwtuncc*  ea|>alile 
ot  detoxifying  vesieiuifs  rapidly 

Although  then*  an*  differences  in  the  mb's  at  which 
various  eldommiiies  react  with  II  or  with  b,  the  mti*s 
of  nxtetion  of  all  chlonimides  tested  are  of  the  order 
of  tlie  reaction  rate  cxhiliitcd  by  bleaching  powder 
with  II,  and  tlierefore  satisfactorily  fast  for  decon¬ 
tamination  purposes.' ■*-*-w  This  situation  dims  not 
prevail  with  tlie  nitnigen  mustanls,  which  may  lie 
decontaminated  with  Ideaching  powder  Isit  not  with 
all  cblon^mides.'■*•T•,*  Chlonimides  which  an*  par* 
ticiilarly  effectin'  against  nitmgi*n  mustanls  include 
Rll-IOft,  8-100,  S-I2H,  S-130,  mid  Deeimtaminant  10 
(six*  (Slossaiy  for  eliemical  names).  A  |m*te  system 
dcscrilicd  later  ami  containing  S-210  with  potassium 
oknle  has  lieen  siimvn  to  lie  cffci  live  against  nitrogen 
mustanls."  ** 

Lacrimators  sm-h  as  C*X  and  BBC  an*  particularly 
resistant,  to  tlie  action  of  clitoraniide  or  hy|NM‘hlorite 
systems.  8|s>einl  ihxuntaminont*  have  1*1*11  devised 
for  tlam.**  Tlie  British  used  a  sat  united  (0,2.»  |ier 
ei*nt)  solution  of  sislium  thiosulfate  in  7ft  |N*r  cent 
nh-olstl,  and  the  United  Stati*s  Cliemicid  Warfare 
Service  stnmhinliacd  a  10  per  cent  solution  of  sodium 
hydroxide  in  a  10  2U  mixture  of  water  and  carlHtol. 
It  lias  Imen  shown  tluit  emiilsiim  systems  containing 
potassium  oicjife,  such  as  tla*  S-210  (»aste  developed 
lirnhl-  XURC  allspice*,  an*  vnhialile  in  tin*  deeon- 
tnminatiim  of  Inerimators. 
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32.3  FOR  MIL  VTIONS 

FOR  l)F< X >!\T  \\!  IN  \TIO\ 

Vesicant  agents  Mich  a*  II  arc  readily  alisorlicd  and 
retained  hy  pnint  and  other  organic  hi irf net's;  tfiey 
present  a  diflicnit  decontamination  problem  on 
naval  vchm*Is,  airemft,  military  vehicles,  and  other 
items  of  materiel.  For  such  purposes,  the  Armed 
Foret's  adopted  a  decontaminating  system  called 
DAXC  and  consisting  of  a  solution  of  1,3-diehIoro- 
5,5-dimethylhyduntoin  (RII-105)  in  tctraehlnm- 
ethane  (TC*K).  Although  this  system  <lecontaminates 
liquid  H  rapidly  and  is  fairly  effective  for  the  decon¬ 
tamination  of  pnint,  it  has  serious  disadvantages  in¬ 
cluding  injury  to  paint  and  plastics,  corrosive  action 
on  I  sire  metal  surfaces,  and  high  toxicity  of  (lie  T<  ’K. 
Tlie  Xat  ioual  Defense  Rcsean'h  ( 'ommit  tee  [X  DIM '] 
program  has  lieen  directed  toward  the  ilevelopment  of 
a  fast-acting  decontaminating  system  having  tlie 
ideal  properties  of  noninflammahility,  nmitoxirity, 
noncorrosiveness,  and  noninjury  to  paint. 

To  In*  effective  for  the  decontamination  of  pnint, 
a  chlommide  decontaminating  system  must  contain 
a  solvent  ca|Nildeof  |s>uct rating  the  paint  containing 
the  nbsorlsxl  vesicant.  Systems  in  which  tlie  chlor- 
amidcs  are  in  solution  in  the  solvent  medium  (such  as 
tlie  ltll-105  TCK  system),  ns  well  as  dispersion 
systems,  have  lieen  examined.  Significant  improve¬ 
ments  over  RII-105  T(*K  have  lieen  obtained  only 
with  the  latter  type  of  composition.'""  11  ,f 

32.5.1  Cldoramide  Silution  Systems 

Solutions  of  fhlommidcs  offer  potential  advantages 
over  dis|M>rsions  in  their  simplicity  and  ease  of  hand¬ 
ling.  In  attempts  to  find  solution-type  decontamina¬ 
tion  systems  superior  to  tlie  Armed  Semis's’  solution 
of  HII-105  in  T< *K,  a  w',le  variety  of  solvent-ehlor- 
amide  comhinations  have  liccn  tried."  Tctmchlom- 
ethylcne  ap|s>ars  to  Im*  ls*st  of  the  solvents  testisl,  in 
the  light  of  essential  requirements  of  loo  toxicity, 
noninflammahility,  and  low  injury  to  paint  films,  liut 
it  lacks  solvent  power  for  most  chloramides  and  has 
low  ability  to  penetrate  paint.  However,  tetraehlom- 
ethylene  has  ls>en  used  effectively  in  eianhiiiatiiai 
with  oilier  solvents  which  improve  tliese  properties. 
.Mixtun's  with  epichlorohydrin  have  Isen  of  pswtic- 
ular  interest,  and  solutions  of  IUI-I1I5  in  tetmchloro- 
etliyleni  epichlorohydrin  mixtun'  (70  INIhy  weight) 
ap|N>ar  equally  as  effective  as  RII-105  TCK  for  the 
decontamination  of  paintixl  surfaces  impregnated 
with  II.  Although  no  information  on  toxicity  is  avail" 
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able,  it  ap|)curs  |Missible  that  this  solvent  combina¬ 
tion  is  less  toxic  than  T(  *K. 

This  work  im  chlommide  solutions  lias  indicated 
that  all  solutions  of  chloramides  in  solvents  dec*'**, 
taminate  paint  relatively  inelTicieutly,  mainly  lie- 
eaiiM'  of  tlie  volatility  of  the  solvent  ami  the  low  con¬ 
cent  rut  inna  of  active  agent,  which  can  lie  applied  to 
surfaces  by  means  of  these  very  fluid  solutions.  The 
use  of  certain  thickeners  and  waxes  has  lieen  of  value 
in  reducing  theM'  defects  I  Hit  has  tlie  disadvantage  of 
forming  difficultly  removable  residues.  Although 
numerous  combinations  have  liccn  tested,  no  solu¬ 
tion  systems  have  lieen  found  which  art*  sufficiently 
improved  over  1111-105  TTK  to  dtxtcrve  more  de¬ 
tailed  evaluation." 

(inulual  loss  of  active  chlorine  is'cur*  on  storagt* 
of  RII-105  T(’H  solution  in  brass  decontaminating 
apparatus.  Tilt*  Army  recommends  replacement  of 
this  Milution  at  intervals  of  3  months.  In  a  search  for 
stabilisers,  it  was  not  possible  to  obtain  complete 
inhibition  of  tlie  decomposition  in  the  presence  of 
brass.  However,  small  anunints  of  cpichlnmliydrin 
have  Is'en  ftsind  Iti  stabilise  the  Milution  against 
active  chlorine  loss  in  Hh*  preM*nre  of  steel,  suggest¬ 
ing  ciHisideration  of  tin*  possible  use  of  steel  decon¬ 
taminating  equipment." 

32.3.2  Disjs'rsion  Systems 

In  tin*  preferred  system  of  those  develop'd  by  the 
XDIM’,  the  com|Misition  and  proportion  of  ingre¬ 
dients  which  have  liccn  found  to  have  optimum  de¬ 
contaminating  efficiency  an*  tlie  following, 17  the 
quantities  living  expressed  as  |mrts  by  weight : 


Tel  nielilunM't  liylenc  1)7.3 

l,oi:is.>iiiniolc:iir(n>titiiinitig2H|N'rseiU  water)  IM.0 
Itariiim  livilmxiile  is'laliydmte  (niirni|>ulvcr- 
i»sl)  2.H 

Artilmvax  ItiO  I0.V  1.0 

S  210  (mirnt|Hilverixc«|i  10.3 

\p|ini|irtalc  paiissifltiRe  |iigtiH'til»,  it  ilr-lnxl  (0.3) 


This  dis|H'rsion  system  has  shown  advantages  over 
the  Milution  of  RII-105  in  TCK,  including  lower 
toxicity  of  the  tctmrlilnrorth///cMr  compared  with 
t4*trachlons'th««r,  less  corrosion  of  metals,  and  k*ss 
injury  to  puintaand  plasties.  It  has  the  ability  to  de¬ 
contaminate  II,  I.,  and  nitrogen  mustards  in  painted 
surfaces  ill  t,  single  spray  application,  in  contrast.  to 
the  :|  I  spray  applications  usually  necessary  with 
RII-105  TCK.  Tin*  lucriinutor  CX,  against  which 
RII-105  TCK  is  not  effective,  is  also  readily  decon¬ 
taminated  with  this  system.  The  time,  manpower, 
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and  amount  of  materials  minim!  for  the  use  of-  the 
two  systems  am  comparable,  Out«l<N»r  evaluations 
have  indicated  satisfactory  spraying  properties  for 
the  dispersion  system,  and  mmoval  !»y  washing  with 
water  in  accomplished  fairly  <*a*ily  in  moat  cases. 

fn  plan*  of  8-210,  8-401  may  lie  used  in  tin*  polos- 
alum  oleatc  'tctraehloniethylene  dispersion  system.'1 
However,  in  apite  of  ita  higher  aetive  ehiorine  eon- 
tent,  8-401  has  not  proved  more  effective  than  8-210 
in  the  diaperaion  system.  The  instability  of  8-40! 
toward  heating  would  maidt  in  danger  on  atomge  and 
aliipment,  and  no  satisfactory  combustion  inhiiiitor 
haa  lax’n  found. 

The  miulily  available  chloramidea  RH-195  and 
(‘(‘-2  cannot  lie  employe*!  in  the  potaaaium  oleatc' 
tetrachl«»na’th.vlene  ayatema.  Since  these  chloramxIcH 
am  at«*cke«!  hy  the  Army  an*!  Navy,  apecia!  considera- 
ti«m  Ima  lavn  given  to  the  development  of  ayatema 
Imawl  <m  theae  aa  well  aa  on  other  chtoramHlea.  Some 
promiaehaalteen  indicated  for  a  diaperaiitn  ot  RH-195 
in  a  mixture  of  tot rachl* iroot hy lene  and  a  white  oil 
atalium  aulfonate,  hut  tlie  naulta  am  generally  h-v, 
satisfactory  than  with  the  S-210  potassium  oteate 
system  dea**rilM<*l  ulsivo.'4-'1 

l’n*ler  Navy  nuspicea  an  emtdaion  paste  system 
was  developed  which  had  certain  advantages  over 
the  potassium  oleate  dispersion,  particularly  from 
the  viewp*iint  of  logistics.41  It  has  the  following 
composition: 

Parts 

Component  hy  weight 

Tctmchlomctli.vlctic  18 

Kmnlsifying  ngrnt  (cither  the  monnlmimtc  «ir 
momiolrnte  of  Mtriiiinn.  Hpnn  20  or  Nfinn  NO)  2 

H  -Wt  or  H-2t0  7 

Wntcr  (which  uccti  not  Is*  atonal)  SO 

A  comparison  of  this  system  with  the  potamium 
olontc  S-210  paste  and  with  the  standard  RII-195  - 
TCR  solution  showetl  that  the  latter  is  the  most 
efficient  ami  the  easiest  to  use  in  dcctmtamination 
of  II  in  Navy  deck  paint-.4"'41  The  factors  rtmsidcmi 
in  tliis  study  include  rapidity  <»f  action,  storage  re¬ 
quirements,  and  the  work  involved  in  preparation 
nnd  use. 

32.1  SPECI  IL  STflllKS 

Effkit  or  II  ano  or  Dkiiixtamixathiv  Thkat- 

MKXTS  OX  AlRPLAXK  FaRRICS 

Work  Ims  lioen  catrietl  out  to  determine  the  ext**nt 
of  damage  to  fabric  surfaces  of  comlmt  airplanes 
which  would  result  from  war  gas  at  hick  nnd  from 
decontamination  treatments.*  At  moderate  conmi- 


trations  (5  g  'sq  yd)  of  I/evinstein  It,  neither  tem¬ 
porary  nor  permanent  injury  to  coated  fahrics  of  the 
type*  used  in  Army  and  Navy  aircraft  resulted.  How- 
ever,  the  mustard  penetrates  the  coatings  and  consti¬ 
tutes  a  definite  hoiard  for  several  days  under  ordinary 
weather  conditions.  At  high  concentrations  of  II 
(15  g  'sq  yd)  them  is  considerable  Initial  loss  of  taut¬ 
ness  of  the  fabric  but  recovery  of  satisfactory  taut¬ 
ness  occurs  after  overnight  aeration.  In  decontami¬ 
nating  tests,  the  nitrocellulose-coated  fabric  list'd  «mi 
military  planes  was  decontaminated  satisfactorily 
with  the  standanl  RH-195 'TCK  solution.  However, 
this  system  caused  soriou*  loss  of  tautness  of  fabrics 
coated  with  the  cellulose  ucctohutymte  lacquer  list'd 
on  Navy  |>innes. 

Estimation1  op  Dama'ok  from  a  War  (5 ah  Attack 
on*  Fai  n»RIK* 

It  was  found  that  equipment  typiro!  of  tluit  present 
in  factories  tends  to  alisorh  and  hold  mustard,  eltieffy 
in  emviees,  paint,  and  oil,  to  such  an  extent  that  a 
severely  mustardiaed  factory  w«mld  not  he  tisalile  for 
a  iteriisl  of  alxxit.  I  week  in  mild  weather  or  a  con¬ 
siderably  longer  time  in  cold  weather."  The  corrosion 
of  metals  by  mustard  gas,  particularly  in  the  presence 
of  moisture,  would  lie  considerable  although  in  most 
eases  pmlialily  insufficient  to  prevent  operation  of  tho 
machinery.  Decontamination  bybleach-watcr  slurries 
or  by  solutions  of  Ri  1-195  or  CC-2  in  tctrachlom- 
cthnnr  is  effective  Imt  these  agents  am  rormsive  anti 
clean-tip  after  their  use  might,  lie  difficult.  The  use  of 
the  8-2 10 /potassium  olcate/tet rachlontethylene  sus¬ 
pension  descrilml  olxivc  w*xiht  prolxvldy  lx*  ail- 
vontagetxis  in  the  event  that  dcctmtamination  more 
rapid  than  aeration  is  desired. 

Decontamination  of  Carbon-Treated  Fahru’s 

The  NDRC  has  sponsored  tho  development  of 
protective  fnhrics  carrying  active  carlxm,  which  pro¬ 
tect  efficiently  against  vesicant  gases  (see  Chapter 
27).  Work  has  also  liccn  carried  out  on  the  develop¬ 
ment  of  praetieal  met  lux  Is  for  the  regeneration  of 
these  curlxm-tmntcd  fabric*  after  a  chemical  warfare 
attack.  It  was  desired  to  obtain  decontamination 
metlusis  which  injum  neither  fabric  strength  nor  the 
protective  |x*wcr  against  vesicants,  and  which  re¬ 
quire  a  minimum  of  time,  lalxir,  sjxxrial  chemical 
agents,  nnd  equipment.  The  effects  of  contamination 
anil  decontamination  treatments  on  the  protective 
powers  of  the  fabrics  haw  lss*n  estimated  by  tests 
of  retention  efficiency  and  bv  patch  tests  on  raWiits.14 
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AH  conclusions  remiltinit  from  this  work  are  subject 
to  further  rtinfirmation  in  chamber  tents  on  human 

The  effective  ilerontaminating  methods  developed 
am  classified  am  (I)  washing  techniques,  suitable  for 
use  where  laundering  facilities  are  avnitalde,  and 
(2)  dip  treatments,  suitalde  for  emergency  first-line 
decontamination  of  eariwm  clothing. 

Where  laundering  facilities  are  available,  it.  has 
lieen  shown  that  washing  with  dilute  (0.5  per  cent) 
aqueous  Knlye-A  solution  at  a  higher  temperature 
than  usual  (80  C)  is  effective  in  giving  essentially 
complete  decontamination  of  both  carl  .on -coated  and 
carlsm-rayon  fabrics."'  Fabrics  which  have  lieen 
treated  with  five  cycles  of  contamination  with  II 
and  decontamination  with  hot  Kalye-A  solution  have 
shown  no  loss  in  ability  to  retain  ndsorlied  II,  ns 
judged  by  vapor  retention  efficiency  and  animal  tests. 
Falsie  strength  is  not  injured  by  this  treatment .  The 
relatively  high  laundering  temperature  is  essentinl 
for  complete  decontamination.  The  use  of  Knlye-A 
appears  particularly  valuable  liemusc  of  its  detergent 
powers:  ordinary  soaps  and  synthetic  detergents  am 
unsuited  for  use  in  laundering  carl  ion-treated  fabrics 
since  they  cause  extensive  towering  of  the  ability  of 
the  fabric  to  alisorb  and  retain  vesicants.  Boiling 
water  alone  will  effect  fairly  complete  decontamina¬ 
tion  of  II  in  rarism-t rented  fabric:*  without  apparent 
injury  to  tire  fabric,  but,  of  course,  has  no  detergent 
value. 

Where  laundering  facilities  are  not.  available,  a 
“dip  t  rentment  ”  may  lie  used.  CarWt  rented  falsies 
contaminated  with  II  are  rapidly  ilcmntaminntcd  by 
simple  immersion  in  cold  aqueous  suspensions  of 
Ktt-105  containing  sislium  enrimnatc  as  a  buffer."' 
Biological  and  vapor  retetr’lm  efficiency  tests  have 
indicated  that  damage  to  the  nlieorptive  powers  of 
fabric  is  relatively  slight.  Similarly,  bleach  slurries 
have  given  effective  decontamination  at  low  tem¬ 
peratures.  These  ehloramide  and  bleach  treatments 
have  not  appeared  to  injure  the  tensile  properties  of 
the  fabrics.  It  islielicvcd  that  these  treatments  should 
Is*  valuable  for  «lccontamination  of  carism-typr  pro¬ 
tective  clothing  umlei  emergency  conditions  in  the 
field.  They  may  also  lie  used  to  advantage  as  pre- 
treatments,  to  lie  followed  liy  Kalye-A  laundering  as 
indicated  in  the  preceding  paragraph,  in  which  ease 
the  Inumlcring  temperature  may  Is*  IKK'  or  lower. 

Nitrogen  mustards  adsorlssi  on  carbon-treated 
fabric  appear  to  decontaminate  spontaneously  ami 
fairly  rapidly  on  aging,  but  there  is  eonriilerable 


damage  to  the  adsorptive  powers  of  tire  fabric  particu¬ 
larly  at  high  concentrations  of  nitrogen  mustards;" 
Both  the  Kalye-A  laundering  and  the  ehlommide  or 
htcarh  treatments  appear  to  lie  effective  for  tire  re¬ 
moval  of  the  nitrogen  mustard  residues  from  tire 
fabric  and  for  giving  gissl  regeneration  of  its  pro¬ 
tective  ability. 

Tiih'KK.vi.vo  ok  Bleach  Hlcrrikh 
For  general  ilecontanrinution  of  vesicants,  tire 
Chemical  Warfare  Service  has  adopted  tire  use  of  a 
40  till  blench/water  slurry  mmlificd  with  sucrose  os 
an  anlisetting  agent.  However,  this  slurry  has  lieen 
unsatisfactory  Ireeause  of  its  fluidity,  which  eiuises  it 
to  run  off  vertical  surfaces.  Division  9  developed  a 
sat  isfactory  method  for  thickening  this  40/00  bleach/ 
water  slurry."  It  was  found  that  addition  of  0.25  per 
cent  micmpulvcriard  nsliestos  Ixmcd  on  bleach,  pre¬ 
ferably  used  in  conjunction  with  Duponol  MB  os  a 
wetting  assistant,  causes  thickening  of  th"  blcarh 
slum*  of  the  order  ilesired. 

Methods  or  Tkstixo  THORoniHXKSs  ok 

Decontamination  . 

In  talsirutury  work  it  has  lieen  shown  that  there  is 
only  one  truly  satisfactory  method  of  determining 
when  a  surface  has  been  decontaminated  sufficiently 
to  lie  safe  •*.*••*•*  for  limited  contact  with  human  skin. 
This  is  the  so-called  patch  test  wherein  a  small 
panel  rut  from  tire  surface  lieing  tested  iu  worn  in 
act  uni  contact  with  human  skin  for  a  prriod  of  30-00 
minutes.  The  wearing  periisl  is  followed  by  olwerva- 
tions  of  the  physiological  effects. 

Work  in  several  lalsiratorics  has  attempted  to  cor¬ 
relate  the  physiological  testing  with  chemical  meth- 
inIs  of  testing.  One  of  the  closer  approximations  haa 
lieen  worked  out  by  the  Chemical  Warfare  Service* 
This  methisl  uses  tire  DB-3  test  lor  mustard  gas  and 
related  compounds.  Detector  tidies  containing  silica 
gel  impregnated  with  a  DB-3  composition  are  ex- 
posnl  for  ailefinite  time  to  Uk*  area  decontaminated, 
then  heated  ami  developed  by  the  addition  of  sodium 
hydroxide  solution.  The  intensity  of  the  blue  color 
ilrachipwl  is  a  semiquantitative  indication  of  the 
ammint  of  il  vapor  evolved  during  exposure.^  Color 
standards  have  liern  set  up  corresponding  to  “safe," 
“reasonnUy  safe,”  and  “unsafe,”  as  determined  by 
patch  tests  involving  human  skin  ti*sts  with  the  same 
panel. 

A  similar  srhemc  has  lieen  worked  out  by  the  Naval 
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Reararrh  talionitnry  lining  tout  |*q>er*  impregnated 
with  «  chloramidr  nml  Congo  ml.44  An  ohvion*  limi¬ 
tation  of  there  chemical  tonlM  in  Imhco  on  tlx*  fact 
that  they  menaurr  only  flu*  vapor  evolved  from  a 
(airfare,  and  hence  do  not  provide  a  real  oval  tint  ion 
of  tfio  danger  inherent  in  eontaet  exposure  of  long 
duration. 

In  one  large-acale  aerie*  of  experiment*  utilising 
1,800  human  volunteer*,  tent*  were  earned  out  to 
correlate  four  method*  of  rhemieal  detection  of  II  in 
H-rontaminated  material  with  the  irritaney  of  the 


material  when  applied  »o  human  akin  for  limited 
periial*  of  time,”  Tweuty-«me  material*  were  u*t»d. 
The  rhemieal  method*  wen*:  (I)  the  ehloramide- 
Congo re<l  paper  ^Spotted  Dirk),  (2)  the  DB-3  pa|>er, 
(3)  the  DNB  paper,  and  (4)  the  I)B-3  eup  teat.  None 
of  the  doteetor  metnod*  indieated  at  all  reading* 
what  the  akin  reaction  would  l>e  with  every  one  of 
the  materiala.  On  the  whole,  the  paper*  were  aomc- 
wlmt  tatter  indicator*  of  |Mitential  irritancy  than  the 
rtip  methiNl.  Of  the  pa|**ra,  the  Spotted  Dick  gave 
alightly  more  reliable  reaulta  than  the  other*. 
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Chapter  33 

INTRODUCTION  TO  STUDIES  ON  DETECTION,  IDENTIFICATION, 
ASSESSMENT,  AND  FIELD  ANALYSIS  OF  CHEMICAL 
WARFARE  AGENTS 

By  Carl  Xiemnnn  » 


This  and  the  six  following  chapters  <leal  with  the 
work  carried  out  in  Division  9  (f«*rmerly  Division 
B)  of  the  National  Dcf«*nse  Researrh  Committee 
[NDRC]  on  the  detection,  identification,  analysis, 
and  field  assessment  of  cliemlcal  warfare  agents.  The 
greater  port  of  the  work  was  carried  out  in  Section 
9.3  (formerly  B3-B)  and  was  guided  l»y  Sendee 
Directives  CWHdl,  CWS-14,  NUM,  XI.-B32, 
NI/-B33,  NA-IOti,  and  AC-59. 

It  should  lie  pointed  out.  that  the  OSRD  reports 
submitted  by  memliers  of  Section  9.3  do  not  repre- 
sent.  the  entire  contrilsition  made  by  the  section 
relative  to  the  alsive  problems.  In  many  instances  it 
was  necessary  to  work  in  cl«»se  cotlalioration  with  the 
Armed  Sen-ices,  ami  in  the  interest  of  efficient  and 
pnsluctive  operation  it  was  mnshleml  desiralde  to 
Ignore  organisational  credit,  particularly  in  respect 
to  the  NDRC.  Thus  many  contributions  made  by 
section  personnel  are  to  lie  fcsiml  in  Sen-ice  reports. 
This  was  particularly  true  in  field  work  where,  for 
purposes  of  morale  ami  effective  operation,  it  was 
imperative  to  remove  the  lairrier  lie  tween  civilian 
and  Sen-ice  |s>rsonnel,  and  the  concession  maile  by 
tire  NDRC  in  this  direction  imlced  was  small  when 
compared  with  the  results  obtained  at  those  installa¬ 
tions  wliere  this  attitude  prevailed. 

One  can  not  avoid  tlie  conclusion  that  many  of  tiie 
section’s  activities  were  dev'-'ed  to  military  problems 
which  an*  now  of  historical  'uitcrest  only.  In  retrosjicct 
it  appears  reasonably  certain  that  adequate  methods 
were  devehiped  for  the  identification  of  the  tradi¬ 
tional  chemical  warfare  agents  and  an  account,  of 
this  work  is  presented  in  Chapter  35.  Of  the  mis¬ 
cellaneous  pmblcms  presented  to  the  sivtion  for  so¬ 
lution  it  would  appear  fmm  the  account  given  in 
Chapter  39  that  n*as<aiab|e  solutions  were  pmvided 
in  practically  all  cases.  The  development  of  adequate 

'  Tlie  imltsir  in  imklilnl  to  Dr.  Motrin  Jacotm  for  its* 
mtlon»fntin*limitMry<lmftof  ninim-cripl.  lleinnlMiintWrtrtl 
to  Ptnf.  K.  It.  Hwift  nisi  to  Miwe,  t-jlwnhl  IVamelt,  DnvM 
brown,  nntl  (icorge  lloltmnn.nll  of  its*  Cnlifomm  Inslituir  of 
TeelusA^y,  for  ils'ir  .owininnce  tlurinc  Its*  |>rr|tnmlion  »»f  its* 
limit  nmniincri|M. 


methods  for  the  field  assortment  of  tlie  persistent 
chemical  warfare  agents  occupied  much  of  the  sec¬ 
tion’s  time  and  a  deseription  of  this  work  is  given  in 
Chapters  3d  to  38.  inelusive.  Tliis  activity  was  not 
only  of  value  fur  the  determination  of  munition  re¬ 
quirements  for  the  tactical  use  of  persistent  ehamieal 
warfare  agents  lait  also  for  the  opportunity  it  gave 
for  a  realistic  appraisal  of  the  potentialities  of  tradi¬ 
tional  chemical  warfare  from  the  viewpoint  of  Isith 
offense  and  defense. 

The  determination  of  the  presence  or  alisenro  of  a 
particular  chemical  warfare  agent  or  a  group  of  chem¬ 
ical  warfare  agents  is  not  toodilfieult  a  task  and  many 
of  tlie  >h>tertors  described  in  Chapter  34  are  suitable 
for  tnis  purpose.  It  should  liepointed  out  that  there  is 
some  question  whether  a  chemical  detector  is  really 
required  for  the  ileteetion  of  the  common  chemical 
warfare  agents  with  the  exception  of  tlie  mustards 
(Chapters  5  and  (l)  and  the  newly  developed  Tritons 
(Chapter  9),  I  localise  all  of  the  others  lictray  their 
prrsonro  in  suldethal  concentrations  by  characteristic 
•slurs  or  by  their  irritating  qualities. 

If  a  clK*mieal  warfare  agent  is  present  it  licromes 
important  to  know  tlie  ilegree  of  lutaanl  created  by 
its  presence.  There  is  a  tradition  that  the  ilegrro  of 
hnianl  can  Is*  expressed  as  tin*  product  of  the  inte¬ 
grated  concent  ratine  and  the  tins*  of  exposure,  i.c., 
the  dosage  (CD.  It  is  well  known  tliat  under  field 
conditions  alisolute  instantaneous  cimeont rations 
van-  greatly  with  lime  particularly  when  the  alisolute 
ecsieentration  is  low.  It  is  too  much  to  expect,  that 
an  olwcmsr  will  Is*  able  to  obtain  a  rel  aide  integrated 
value  by  making  a  series  of  determinations  of  the 
instantaneous  concentration  at  arbitrary  time  inter¬ 
vals.  What  is  required  for  the  oliscncr  is  an  instru¬ 
ment  cnpulde  of  integrating  successive  instantiuieoiis 
concentrations  over  selected  time  inten-als  and  indi¬ 
cating  the  answer  at  any  one  time.  Such  an  instru¬ 
ment  is  deserilieil  in  Chapter  38  and  although  this 
particular  instrument  (Iim*s  nut  satisfy  the  physical 
requirements  of  a  device  to  Is*  used  in  forward  areas, 
it  docs  suggest  the  principles  hi  be  followed. 
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If  the  errors  inf  roduml  l»v  flic  assumption  flint  flu* 
degree  of  hazard  is  independent  of  the  magnitude  of 
flic  nlwoliito  concentration  prove  too  large  to  lie  ig. 
Wired,  mid  this  in  very  likely,  it  will  then  lie  neeen- 
sary  to  develop  mi  instrument  flint  will  recognize  mid 
hike  into  neroont  the  phenomena  of  threshold  con- 
eentmtion  arising  from  detoxification  mid  rcvcntila- 
lion  proeesses.  Sueli  nn  instrument  ran  and  must  la* 
develops!  if  a  satisfactory  device  for  determining  file 
di*gn*e  of  vapor  hazard  arising  from  cliemiml  war¬ 
fare  agent*  is  to  lie  obtained.  To  continue  the  practice 
of  ignoring  tlie  liasic  problem  liecause  of  flu*  desire  to 
have  a  simple  if  not  primitive  device  certainly  can 
not.  lie  pnsluctivc. 

With  an  instrument  such  as  that  indicated  ulsive 
at  hand  it  should  la*  emphasised  that  information 
will  la*  obtained  in  respect  to  the  degree  id  vapor 
hazard  prevailing  at  the  point  or  points  of  nlisrrvu- 
tion.  I’o  evaluate  the  degree  of  vapor  Imannl  ohtain- 
'.ng  over  an  area  not  only  requires  oliservation  of  the 
degree  of  vapor  hazard  prevailing  at  a  numla*r  of 
points  hut  also  proper  evaluation  of  the  meteorologi¬ 
cal  and  to|aigniphirnl  factors.  There  has  ls*cn  an 


unfortunate  tendency  to  associate  niicrniiictcorntngy 
with  offensive  tactics  only,  whereas  it  is  prolialily  of 
notch  greater  value  in  devising  suitable  defensive 
measures  I  localise  one  can  take  observations  on  the 
s|sit  and  no  remote  forecasting  is  required. 

The  determination  of  the  degn-e  of  hazard  arising 
ftom  the  presence  of  liipiid  chemical  warfare  agents  is 
discusser  I  m  Chapter  3-1.  Few  if  any  general  eon- 
elusions  can  lie  drawn  liernuse  the  degive  of  liquid 
hazard  is  so  intimately  associated  with  to|Nigrapliical 
and  elimatotogieal  factors  which  can  vary  greatly 
lietwren  wjile  limits.  It  would  ap|iear,  however,  that 
tliis  hazard  in  the  past  has  lM*en  greatly  over¬ 
emphasized. 

in  the  following  chapters  n  serious  attempt  lias 
lux'll  made  to  discuss  the  section’s  activities  in  as 
comprehensive  manner  as  imssihlc,  whereas  eontri- 
butions  made  liy  other  organizations  mu!  individuals 
are  discussed  only  in  so  fur  as  information  in  regnrd- 
to  their  activities  was  available  to  the  author.  Be¬ 
cause  of  tlie  varying  quality  of  liaison  there  is  little 
«l«it;!i*  that  many  contrilmtions,  |iartirularly  those 
made  abroad,  escaped  attention. 
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Chapter  3t 

DETECTION  OF  CERTAIN  CHEMICAL  WARFARE  AGENTS 

By  Curl  Xirmnnn 


31.1  INTHOIH'C.TION 

on  tiik  makk  of  dinetissmn  it  dlntinetion  in  drawn 
lN*tw«*en  deteetion  and  identification  pons's**.  It 
in  considered  tlutt  detection  implies  Hm*  determina¬ 
tion  of  tiie  pnwenre  or  almcnco  of  a  particular  «ul»- 
staticc,  wIhwos  identification  in  tin1  more  genera! 
pnn*<*nn  wherein  no  or  mtlier  hmnd  limits  an*  im¬ 
posed  in  regard  to  tin*  nature  of  tiie  nuiistanee  to  lie 
clmnirtericed.  Following  then*  in  diHCtixned,  first,  tlw* 
general  natun*  of  the  tentn  proponed  for  tiie  detection 
of  certain  chemical  warfare  agentn  and  nulincqncntly, 
their  application  an  pmctlcai  detectom. 

31.2  SPECIFIC  TESTS  FOR  DETECTION 
OF  CERTAIN  CHEMICAL  WARFARE 

ACENTS 

To  lie  unefti!  for  tiie  detection  of  a  particular  chemi¬ 
cal  warfare  agent  a  tent  must  lie  ( 1 )  npecific,  to  innure 
reliability,  (2)  sensitive,  to  lie  useful,  and  (3)  practi¬ 
cal,  to  permit  its  line  under  field  conditions.  Since 
then*  an*  few  if  any  nimple  tentn  that  will  differentiate 
homologn,  in  pmetiee  a  tent-  in  considered  to  have 
adequate  specificity  if  it  will  pmviile  for  the  un- 
aniMgunun  recognition  of  a  particular  family  of 
homologn  or  a  gnmp  of  compounds,  each  memlier  of 
which  ciattainn  tiie  name  functional  gnaipn. 

3t.2.t  Detection  of  Afuntard  (Jan 
One  of  tin*  most  nigni***ant  pnddemn  facing  in¬ 
vestigators  licfon*  and  immediately  after  the  out¬ 
break  of  hostilities  wan  the  development  of  npecific 
tests  for  muntanl  gas  for  field  use  in  tiie  event  of  em¬ 
ployment  of  rltcmieal  warfare  agentn.  To  lie  nun*, 
then*  were  a  numlier  of  tests  dencrils'd  in  the  litera¬ 
tim*,  tin*  pilnri|ial  ones  (icing  the  sodium  hsloplati- 
nate  test,  the  gold  chloride  teat,1**  <  Srignanl's  test,1*4 
tin*  d-nupthol  tent,1*  iuid  tlw*  aek*nious  acid  test.1* 
T1m*si*  t«*ntn  wen*  not  nufiick*ntly  specific  for  muntanl 
gan  and  wen*  also  itiadi*qoatc  fnan  the  |siint  of  view 
of  sensitivity.  Then*  were  other  tentn  of  even  mon* 
dubious  value  descrilK*d  in  the  literature.1**-1**  In  a 
Chemical  Warfim*  Service  study  in  IMS,*4  five  types 
of  n*actionn  wen*  eotisiden*d  for  tla*  detecthin  of 
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muntanl  gas,  The  most  unelul  tents  wen*  the  italophe- 
mil  blue,  silver  nitrate,  Crigtmnl'n  sodium  iodide, 
sodium  nit  mpi  unside,  and  auric  chloride  tents.  To 
thin,  |M>rha|ts,  might  Is*  added  the  quinone  dichlor- 
intide  and  nten*uric  nitmte  tent  for  s|ieriai  use  in  the 
detection  of  liquid  muntanl  gan.  TIm*  sodium  iodide 
tent  for  tla*  defection  of  muntanl  viqair,  even  in  the 
nlismicc  of  any  possible  interfcn*nce,  wan  inad(*i|iiate 
ttccausc  of  its  lack  of  si*nsitivity.  No  conclusion  wan 
reached  in  tlte  study  cited  its  to  which  of  the  alaive 
wan  tla*  liest  all-round  test.  Norn*  (Hmacnacd  all  tlm 
desirable  pni|a*rtien  of  high  n|MH*il)city  and  sensitivity 
and  simplicity  of  operation.  The  staiium  nit  mprunside 
test  was  most  fn*quently  used  in  experimental  work 
on  the  destruction  of  muntanl  gan.  ( irignanl’s  sodium 
iodiile  reagent  or  the  m<alifi(><i  reagent  wan  fmmd  to 
la*  Ik's i  united  to  tla*  detection  of  muntanl  gan  in  con¬ 
taminated  soil.  In  the  testing  of  the  atmosphere  for 
muntanl  va|air,  tla*  line  of  tui  almorliiug  laibblcr 
pmved  to  In*  lN*st.  Tla*  detection  of  mtistnnl  vaiair 
with  impregnated  test  papers  was  not  developed  to  a 
practical  stage. 

IMM  Rragent.  During  Win  new  reagent  wusfound 
which  offered  particular  pnanine  for  the  detection  of 
muntanl  gns.1  Tills  mtgent  wan  d-f/r-nitnilienayl)- 
pyridine  (DIM).  Thin  nulmtance  will  react  with  any 
compound  containing  an  alkylating  functional  gnmp 
to  give  a  pyridinium  compound  which  can  In*  con¬ 
verted  to  a  highly  rohirrri  Imaic  form  by  tla*  addition 
of  alkali.  There  is  a  very  close  analogy  lietwecn  the 
nlmve  react  ion  und  tla*  formation  of  the  cyanine  dye¬ 
stuffs.  Since  muntanl  gas  in  an  excellent  alkylating 
agent,  its  reaction  with  DIM  is  readily  umlcrstiNNl. 
TIh*  n*action  of  DIM  with  a  great  variety  of  eom- 
tn  Hinds  has  lieen  studied,*  and  at  present  the  lie- 
Itavior  of  this  reagent  towani  different  typos  of 
com)Miiindn  can  In*  m*eumiely  pn*dict<*d.  Oth»r  pyri- 
dita*  derivativi*s  wen*  found  to  In*  os  sensitive  an 
DIM  hut  were  either  unstable  or  developed  colors 
which  wen*  lens  intense  than  that  of  DIM.**-  '  *  ''  Be¬ 
cause  of  tla*  iiri|Mrt1uiicc  u(  this  leagenl  ate)  its 
scarcity,  it  wan  newssary  that  mcthisln  for  its  pn*|m- 
ration  In*  developed.  Such  methmln  were  wmn  avail- 
abh*  *•*•**  and  iul«*quute  supplies  of  tliin  reagent  wen* 
oil  band  at  'ill  lina*n. 
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S/mtlrd  Dirk  Test.  The  so-called  Spotted  Dirk  lex* 
which' w«m  widely  usedby  British  Empire  unit*  was 
based  upon  the  reaction  of  an  N-chloramide  with 
mustard  gns  to  Rive  hydrochloric  acid,  which  in  turn 
was  detected  hy  means  of  a  suitable  indicator.  The 
application  of  this  test  will  be  descril)ed  in  a  sulise- 
quent  section. 

lofin/tlatinatc  Tati.  AlthouRh  the  iodoplatinate  test 

described  in  the  open  literature,  the  nature  of  the 
reaction  is  not  completely  disclosed.  By  isolation  of 
the  products  formed  it  has  iieen  shown  ”  that  the 
reaction  of  stslium  hstoplatinate  with  mustard  rom 
and  analoRtms  sulfides  consists  in  complex  formation 
with  platinum  iislide  according  to  the  reaction: 

[(CK'lWHtW*]  +  NioPtl*  — ►  atlCIM  IhW]  Ptl,  — ► 

[(CK'ltf’lhtfO  Ptl,  +  I. 

Thiourea  To*.  Mustard  Rns  will  condense  with 
thiourea  to  Rive  the  hydrochloride,  (IIX)('(XI!i) 

Hriwirysnwii^txiUKXNiD  Jmn.  The  m. 
lowing  have  ls>en  bsitid  to  lie  the  most  sensitive 
conditions  for  the  test.'**  The  sample  in  0-cthovv- 
ethyl  alcohol  Is  treated  with  a  solution  of  thiourea 
in  tlie  same  solvent  and  boiled  for  I  minute.  The  re¬ 
action  mixture  is  cooled  and  diluted  with  2  volumes 
of  water,  I  drop  of  2  .V  sodium  hydroxide  solution  is 
willed,  and  the  mixture  is  warmed  to  50  ('  (approxi¬ 
mately)  for  15  seconds,  hut  not  lioiled.  The  mixture 
is  ctsiled  anil  an  excess  of  nickel  sulfate  and  0.5  ml 
trichlorocthanc  nre  willed  and  the  mixture  shaken. 
A  ml  color  in  the  trirhlomethnnc  indicates  the 
presence  of  mustard  gas. 

M iurtWanrowt  Tads.  For  purposes  of  record,  atten¬ 
tion  is  railed  to  a  numlier  of  studies  which  hail  as 
tlieir  pur|sixc  the  disclosure  of  new  methisls  for  the 
detection  of  mustard  riis  by  either  chemiral 
or  liioloRicnl  means  *1"'  1 

31.5.2  Detection  of  Certain  Arsenicals 

Methisls  for  the  detection  of  arsenicals  hail  not 
Iieen  extensively  investigated  prior  to  World  War  II. 
The  principal  met  In  si  relied  upon  was  the  detection 
of  arsenic  by  means  of  some  mtslificd  <  Sutacit  mi'thisl. 
For  lewisite,  however,  the  Ilosvay  test  ilepending 
upon  the  ml  color  pnslurcd  with  acetylene  was 
principally  quoted.  Hi  me  these  methisls  and  the 
others  in  the  open  literature  were  inadequate,  a 
si ‘arch  was  made  for  more  suitable  arsenical  ile- 
tectors,  leering  in  mind  that  the  compounds  of  most 
interest  were  those  of  the  typo  RAsX*. 

Y.ive  Sulfalr  MtJyhlir  A  eiil  Teel.  Silica  gel  impreg¬ 


nated  with  a  mixture  of  sine  sulfate  and  mulylxlic 
acid  provides  a  direct,  specific,  and  fairly  sensitive 
detector  for  arsenicals,  such  as  lewisite,  ethyl  di- 
chloramine,  and  methyldichlorarsine.1*  The  test  is 
very  simply  performed  by  drawinR  air  to  l»e  testeil 
through  a  tills*  containing  the  impregnated  gel,  wait¬ 
ing  I  minute,  and  oxamining  the  tulic  for  the  ap|icar- 
once  of  the  color.  A  blue  or  green  coloration  at  the 
intake  end  of  the  gel  indicates  the  presence  of  an 
arsenical. 

Cuprous  Iodide  Teal.  A  test  for  lewisite  haseil  u|ton 
the  euprotis  acetylide  test  was  ileviseil  using  silica 
gel  impregnated  with  cuprous  iislide. A  ml  ring  forms 
at  the  intake  end  of  the  gel  layer  within  30  seconds 
after  the  addition  of  10  per  cent  sislium  hydroxide 
solution  with  3-0  pg  or  more  of  lewisite  vapor.*** 

Thioearbruone  Reagents.  The  uso  of  diphcnylthio- 
earlwsone  as  a  reagent  for  the  detection  of  tripositive 
arsenicals  ***'  suggested  that  other  thiocnrliasones 
might  lie  found  which  would  lie  superior  to  the  proto¬ 
type.  Therefore  a  numlier  of  sulistitutcri  diplienyl- 
thiocarimsunr*  were  prepared  anil  their  value  ns  de¬ 
tectors  for  tripositive  arsenicals  detemiined.'*-M-n-*!JS 
The  thineariiasoneH  were  prepared  either  from  the 
corresponding  amines  through  the  nitroformasyl  or 
from  the  hydrofines  through  the  arylthiiM'arlxuir 
arid  pyridine  salt.  Two  of  the  sulwtituteil  plienyl- 
thiocnrliasones  prepared,  di-p-hiplienylthiocarhusonn 
(I)BT)  ami  d  i-o-phenoxypheny  1 1 hiocari nuk me  (DPT) 
appenmi  to  offer  promise  as  detectom  for  tripositive 
arsenicals. 

Dianisylpropylene  Reagent.  ITnsymmet  rival  diaryl- 
ethylenes  which  rontain  positive,  that  is,  electron- 
donating  gnsips  in  the  arematir  nuclei  have  Iieen 
known  for  a  long  time  to  give  colored  addition 
pnslucts  with  a  variety  of  suliofnnrcs.  Twelve  diary  I- 
ethylenes  were  synthesiaed  and  tested  as  detectors 
for  tripositive  arsenicals.  Dianisylpmpylene  (DAP) 
was  fisinri  to  Is*  the  most  promising  compound.1" 
Silica  gi*l  mixeil  with  5  per  cent  dry  DAP  gave  n  color 
directly  when  exposed  to  I  pg  or  less  of  cthyldi- 
ehlorarsim*  or  lewisite,  hut  the  gel  mixture  was  not 
stalile  for  many  days  at  tit)  ( ?.  In  air  of  high  i'  .tmidit  v, 
tlie  sensitivity  of  the  test  is  greatly  ileerrased. 

Minrdlaneow  Organic  Reagents.  A  large  nuinlx*r  of 
organic  rompisimls  were  investigated  in  regard  to 
tlH’ir  possible  use  as  detectors  for  trijmsitive  nrseni- 
cols.,,  4,  M*  TIk*  most  premising  of  tlie  gnsip  invesli- 
gateil  were  several  nitre  compounds  notably  /»,//- 
dinit  nisi  illN*ne-o,o'-<!is<Nlium  sulfonate  and  5  (or  8-) 
nitreis«N|uinoline.  Tlie  detection  miction  involved 


m 


«Mt*-uf’  the  hltm  VHMP  hy  ^  ttwpnM {n  1,M* 

presence  «>f  alkali  to  give  a  dyestuff.  _ 

P  WwtlUtnmt*  Ted*.  For  purport*  of  r"™l'at,pn 
tion  i*  Z\»\  to  a  numlrr  «f  studies  h ad  a» 

tltoir  purport'  the  "f  no'v  moth«M»rt  f«>r  lho 

Son<rf  arsenical*  by  either  chemical  or  hn*w- 

cal  mcth»xls.,,*-,“ 


5i.5.i  Detection  of  Nitrogen  Mustard* 

The  nitnvn  mustard*  may lie  * 

:)Ui  ^vantage  of  their  ImsU  properties  to  pro‘b  re& 
ZZr*Zm in  an  add-hose  in«Kr»t«r,  to  control  the 
pH  in  n  met, »l  km-indicator  r«0P« 

nlekeWimcthylglyoximc,  nmi  to  form  a 

with  reagents  wirh  ns  picric  arid,  memme  Mm £ 

«*•!,»»  phtrtphomolyWle  ^ 

(KHild,  and  Mayer  s  renp'nt  (KHgli). 
more  important  of  the  nlx.ve  textx  ax  utII  as  several 
otherx  are  discussed  in  the  following  paragraphs. 

DIM  Text.  Because  of  their  similarity  to  mustard 

■ive  a  motive  text  will,  tin*  DB-3  reagent.. 

Ibra^ndorff  /(«*«,/.  Among  the  soiled  alkal««l 

reagZx,  the  Dragcndorfl . 
useful  for  the  .Irtcrtion  .if  the  n,tn«en 
»:  ».«  Attention  ix  called  to  an  unproved  preparat,on 

Ted*.  Attention 

studies  which  had  nx  tlreir  goal  the  devel.^met.tjf 
textx  suitable  for  the  detection  of  the  nitrogen 

muxtarrlx.,*',,T 

st  •  t  Detection  of  Flnorine-CnntgininfS 
Chemical  Warfare  Agents 

of  a  reasonably  specific  text  for  many  <*«*< 
ptsmdx  eontnining  fluorine,  much  effort  »*  «£ 
pended  in  trying  to  dm**  a  ximple  method 
verting  covalent  Usind  fluorine  to  fluon,le  ion  and 
deterring  tlie  latter  xidixtaneo.  In  geneml  eithe 
hvilrolvtic,  oxidative,  or  pyrol>  tie  method*  were  used 
for  the  formation  of  fluoride  ion.  British  • 
favored  oxMative  methyls  of  degn, datum  ,dh,wing 
tlie  detection  of  fluoride  ion  by  a  gW*  ebhmg 
text  ,M  Alternative  mettuxlx  of  detecting  fl  u» 
ion  were  alxo  studied  "■ ■« «■»  using  chnsnotropir 
arid  and  lawk  mid.  Pyrolytic  mcth.xlsofdc.xnp.^- 

,i,m  wire  studied  by  Mh  British  ami  Amenenn  in¬ 
vestigator*  using  rirconium  or  thorium  kb*  '* 
alizarin  or  jmrpurin  to  dc’cct  the  fluonde  in 


form«i.WM"**  An  ingenious  method  wax  developed 
for  carrying  out  the  pyrolytic  reaction  *»  using  tiuK 
heat  arising  from  the  exothermic  oxidation  of  *. 
methanol  over  platinised  xiliea  gel. 

Option  of  Fimroneetate.  Flunmoeetate  ran  I* 
hvilndyard  by  alkali  to  form  fluonde  and  gly‘*d[“ 
aek!  This  latter  auhstanco  ran  lie  converted  by  tlie 
aeti  m  of  strong  sulfuric  acid  into  formaldehyde  and 
the  hitter  dented  with  the  nid  of  chromotmpic 

^/Lrrfimi  of  IHalkyl  Fluoni^mfibate*.  Tito  dialkyl 
flivmiphospbates  are  alky lat in*  *^£*2 

ran  lie  detected  with  the  aid  of  the  DIM 
A  biological  text  de|iemlent  upon  the  pr»*hicti»n  of 
miirtix  by  the  diulkyt  fluorophoxphatex  has  also  Urn 

^Trfrrttn  of  l)i*»lfnr  Deeaflunridr.  Approxinuitely 
Ki  easily  oxtdixvblc  nromalle  compound*  Including 

2T5  Z  ww  -rtitaw.te.ta.WW-J 

in  n».nl  1«  «««  * 

the  detection  of  disulfur  deeafluonde.1*  Of  the  sub- 
Jrtanccx  investigated,  pidienylencluuniiw  was  found 
to  lie  the  most  satisfactory. 


it  *  3  Detection  of  Cyanogen  Chloride, 
Hydrocyanic  Add  and  Related  Compounds 
Pumzdone-Pyridine  Hea*  nt.  An  important  reac¬ 
tion  h»r  the  detection  of  cyanides  and  other  rynnogon 
compound*  is  Uuni  upon  the  renetwm  of  ryanogen 
cliloride  with  a  mixture  of  pyridine  (nr  a  pyridin 
derivative)  ami  phenylmeth.vlp>n«flt«e  hi  Jmna 
dwtiiff*’  This  rearthm  ran  1m  tixwl  not on.V  I «» 
kteetion  of  cyanogen  chloride  but  alxo  for 
cvanule,  certain  nitriles,  thi.rya.mUw,  eblonno  aml 
chloramnles.**  For  the«letei1i«n  * 
nitriles,  ami  tharj-anates,  prelim, nan  treatment 
with  chlorine  or  a  chloromkle  to  form 
chlorkle  is  necessary.  A  variation  <»r  U,<* 

With  DIM  to  give  a  rejl  dy<*tuff.  •  ‘ 

action  presunuiWy  involves  ekxuage  «  . 

,,itr.«en  Um.l  in  the  pyridine  nucleus  am  1« ere- 
f,«e  differs  from  tlie  m,et,.m  of  DIM  with  > 

h1w7rtma  ,<f  Hydrogen  Cyanide.  'Or  liUmtion  of 
hydrogen  km  by  the  mietkm  of  hydnupn  c>an,  U. 
with  mercuric  chloride  ix  well  known.  A  mixture  of 
metnnil-.veflow  ,uid  mercuric  chloride  1ms  provsl  <> 


•  • 
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In*  ».  useful  nugcnt.  A  picric  acid  reagent  lias  also 
lM*en  owd  f«>r  tin*  iletcction  of  hydrogen  cyanide,15 

IMertian  if  Ethyl  l)imrthulnHiiilt>C!iai>»i>h'i*)>hittr. 
Tlili*  eomjMMind  readily  hydmly**s  to  form  hydnigen 
cyanide  and  ran  Ik*  «letcetcd  by  any  niigent  suitable 
for  tin*  dot  ret  ion  of  hydrogen  cyanide.""’ 

ai.i.ft  (•moral  Screening  Reagents 

Reagents  such  as  oliloraurio  arid  ,,MM  which  wilt 
react  wit  h  a  law  numla*r  of  chemical  warfare  agents 
INtsscss  considerable  utility  despite  their  tuck  of 
s|Mi*ilicity.  Th<*se  reagents  can  Im*  used  to  determine 
t lie  presence  or  alwence  of  a  law  group  of  chemical 
warfare agent*  and  in  this  manner  cx|ss|ite  identifica¬ 
tion.  l)<*spite  considerable  study  u-‘‘>  J,r  no  reagents 
sii|M*rior  to  ehlorauric  acid  for  the  aitove  purposes 
were  discovensi. 

.lt.1  VAl*OR  DKTKCTORS  FOR  CKRT\IN 
CIIKMICM.  W \RK\RK  NtJKNTS 

In  the  previous  s<*ction  tests  suitable  for  the  detec¬ 
tion  of  certain  chemical  warfare  agents  were  discussed 
without  regard  to  application,  'flic  utitiiation  of 
tltescund  other  tests  in  the  development  of  practical 
deviiSM  suitable  for  the  detection  of  certain  chemical 
warfare  aicents  when  present  in  the  atmosphere  under 
field  conditions  will  now  lie  considered.  It  is  obvious 
that  detectors  must  lie  simple  in  their  o)icnition, 
rugged,  and  reasonably  reliable.  They  must  also  la* 
able  to  withstand  shipment  and  storage  undci  ad¬ 
verse  conditions.  The  two  types  of  vapor  detectors 
developed  and  used  during  this  war  wen*  the  impn*g- 
nnted  silica  gel  t.v|M*  and  the  impregnat'd  pa|s*r  type. 
Ill  flic  former  the  dcteetimi  n*aetion  was  allowed  In 
take  pirns*  on  silica  gel  j»innul<*s,  and  in  the  latter,  on 
the  fillers  of  a  suitable  pa|icr. 

.1I..1.I  Impregnated  Silica  del  Vapor 
Detectors 

The  use  of  impn*gnat<*d  silica  gel  for  the  detection 
of  chemical  warfare  agents  was  initiated  at.  Kdgc- 
wissl  Arsenal.  In  general  the  detectors  wen*  mode  by 
placing  a  IM-rom  cniumn  of  suitably  impregnated 
silica  gel  in  a  10-mtn  length  of  2-mm  glass  tubing  and 
holding  the  gel  in  |*  wit  ion  with  cloth  plugs.  In  view 
of  the  fact  that  nr.  adequate  summary  of  tlie  various 
individual  detectors  developed  during  tie*  past  four 
ycais1’11'  *  *  ,‘  *v  1  11  ,Tisavailable,MtlH*  presrnt 

discussion  will  Is*  limit  is  I  to  the  mon*  general  f«*at«m*s 
of  silica  gel  type  vapor  dct«*etors. 


Siliftt  UH.  Only  certain  types  of  silica  gel  an* 
generally  useful  for  the  construction  of  silica  gcl-tyjs* 
vapor  detectors.  The  most  satisfactory  is  the  so- 
called  Davidson  low-density  silica  gel.  It  was  found 
ncet*ssnry  to  process  the  commen'iutly  available  gel  in 
onler  to  reduce  the  inin  content  and  'o  control  the 
acidity  of  the  gcI.lfc'-,,*-,‘ 

of  Stuitftlr.  The  silica  ge'  *  or  detector 
is  oniinarily  o|M*ratcd  by  aspimtin.  through  the 
detector  tula*  with  a  manually  o|  it  >d  pump  or 
hitlb.  With  certain  sultstanccs,  suitable  impregnated 
gels  ean  Is*  found  which  react  ***tb*  with  tin* 
sultstancc  oi  substances  to  Im*  nice  dual  •>  give  a 
characteristic  stain  or  color.  In  otliei  cases  ii  may  Im* 
nm*ssary  to  adsorb  (la*  sample  on  un  impregnated  or 
nnimpregnntcd  gel  iu>d  then  add  a  liquid  or  gaseous 
reagent  to  complete  the  test.  Conversely,  a  reagent 
may  Im*  added  first  and  the  sample  then  absorlsnl.  In 
still  other  cases,  notably  with  the  DIM!  reagent,  tin* 
sample  Is  llrst  adsorlKxl  on  nil  Impregnated  gel,  the 
tula*  Iwatial  to  faeilitate  the  iirst  slagi*  of  the  mu'liott 
and  then  a  litptid  reagent  added  to  complete  tlu*  test*. 

It  is  generally  true  that  all  non|M*rsistent  chemical 
warfare  agents  an*  |MNirly  absorlMtl  on  silica  gel  and 
in  tliese  cases,  in  onler  to  obtain  reasonable  sensitiv¬ 
ity,  nn  impn*gnatefl  gel  that  will  give  a  din*et.  test 
with  the  sulmtuticc  to  Im*  detected  miiMt  Im*  employed. 
Because  of  this  piM»r  tulsor)>tion  of  noti|M*rsistcnt. 
agents  by  silica  gel  it  should  Ik*  n*memlM*re«I  that 
even  when  the  g»*|  is  impn*gnn!cd  with  a  reagent  that 
will  react  with  the  sulwtanco  lM*ing  detected,  only  a 
fraction  of  the  sulvstnneo  will  Im*  adsorlsnl  on  the  gel 
and  the  stain  or  color  will  Im*  distributed  uniformly 
throughout  the  visible  suriacc  of  the  gel.  ThereTore, 
except  umler  very  closely  controlled  conditions,  it  is 
unlikely  that  detector  tuWs  of  the  impn*gnati*il  silica 
gi*l  tyjK*eanlM*nseil  for  the  quantitative  or  even  semi- 
quautitativc  estimation  of  vu|M»r  concent  rat  ions  of 
non|M*rsistenf  agents,  althiMigh  they  may  Im*  useful 
for  their  identification. 

The  jM*rsistent  chemical  warfan*  agents  an*  niulilv 
adsorlssl  on  uninipregnated  silica  gel,  provides!  the 
absolute  btimidity  is  low.  With  increasing  absolute 
humidity  the  adsorption  prwess  lM*eomcs  less  ef¬ 
ficient,  and  at  high  alwolute  humidities  significant 
quantities  of  agent,  may  not  Im*  adsorb'd.  With  im- 
pn*gnate«I  silica  gels  tin*  effect  ut  water  va|M»r  may 
not  Im*  significant,  provided  tin*  sulwtams*  reacts 
rapidly  with  the  reagent  in  and  «>n  the  gel.  If  the  rc- 
action  Is -tween  sultstancc  ami  reagent  is  slow,  tin* 
effect  is  approximately  the  seme  as  i»i  the  cas»*  of  tlie 
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unimpwgnated  gel.  The  Iwhavior  of  tlx*  nitmgen 
mustnnls  iuid  mustani  itself  in  tin*  B1W  iloteetor 
tnl«r>  provide*  nn  instructive  example  of  tin*  effect  of 
\vtif«*r  vtifxir  oti  the  |x*rformam*e  of  tut  impn*gnated 
silica  gcl-ty|X'  ih'IMtir  ful*'.  Jt  is  well  known  llmt 
fhe  nitrogen  must  arils  wart  with  DIM  nmeh  mow 
rapidly  limn  iloex  mustard  gas.  < ‘onset  ptently,  when 
air  containing  one  of  the  nitrogen  mustards  is  passed 
through  a  tithe  containing  silica  gel  impregnated  with 
DIM,  the  absorlxsl  nitrogen  mustard  n*acts  with  the 
reagent  at  a  fairly  rapid  rate  and,  even  in  the  presence 
of  large  amounts  of  water  vapor,  the  colored  none 
formed  alter  limit  hut  and  development  with  alkali  is 
dearly  dcfinml  and  its  length  lienr*  some  relation  to 
the  amount  of  nitrogen  mustard  introduced  into  the 
tills*.  However,  with  mustard  gas  (lie  rate  of  wactioii 
with  the  reagent  is  slow,  and  in  the  presence  of  ap¬ 
preciable  amounts  of  water  vapor  the  agent  is  dis- 
t  rihuted  throughout  the  gel  column  with  a  concentra¬ 
tion  gradient  licing  established  lietwcen  the  two  ends 
of  the  column.  Therefore,  after  heating  and  develop- 
ment,  a  diffuse  stain  with  no  sharp  iioundnripu  is 
obtained.  The  eo|h*etion  of  tripositive  arsonienls  on 
silica  gel  is  complicated  by  the  tact  that  in  the  pres¬ 
ence  of  water  vapor  tlicsc  sul*stan«*es  undergo  rapid 
hydrolysis  with  the  result  that  practically  no  sulr- 
stnnee  g«*ts  lx*yond  tlie  first  fraction  of  a  millimeter 
of  tin*  gel  column,  tliercby  rendering  detection 
difficult. 

SrnxihritH  of  iMrriorn.  Intensive  studies*** 4,1  •'*• 
4"'T!*  on  the  sensitivity  of  the  various  imptvgnntcd 
silica  gd-tyf**  iletectors  demonstnited,  in  general, 
that  while  the  sensitivity  of  tlK*se  detectors  was 
sii|M*rior  10  oilier  tyjx»s  id  det«*i*tors,  the  sensitivity 
was  profoundly  inlluee  isl  by  tem|s*nitun*  and 
humidity. 

Summon/.  In  gcn**ml  it  may  Is*  concluded  that 
impwgnated  silica  gel-type  detectors  an*  useful  for 
identifying  certain  chemical  warfan*  agents  or  gmii|is 
of  elu*miml  warfare  agents  but  that  their  applica¬ 
tion  to  i|uantitative  or  scmi<|uantitativc  pn»bk*m< 
is  not  warmnteil, 

.11.1  2  linpregnatial  I’afrer  Di‘ti*<*tors 

l*a|H*rs  impwgnated  with  appropriate  n -agents 
were  studieil  extensively  with  regard  to  their  applica¬ 
tion  as  practical  detietors  for  chemical  warfan* 
agents.  Then*  is  little  doubt  that  impn*gnatcd  paper 
detectors  can  Is*  usefully  employed  in  the  identifica¬ 
tion  oi  many  chemical  warfan'  agents  although  in 
general  they  an*  less  sensitive  than  ei|uivaletit  hit- 


pwgnated  silica  gel-type  tieteetors.  It  slaatld  Is* 
pointed  out  that  it  is  generally  necessary  to  aspirate 
air  tlmmgh  an  impregnated  (rafter  in  onler  to  obtain 
a  satisfactory  test,  altlutugh  with  a  fraper  impregv 
nated  with  a  n*agent  ami  mit*n>ni»*<i  silica  gel  it  has 
Itcen  claimed  that,  aspiration  is  not  necessary. 

At oxtoril  (ion  IMrrtorn.  Although  eonsidemble  ef¬ 
fort  was  e\|N*uded  in  the  devehrpment  of  satisfactory 
iletivtor  papers  for  mustani  gas,* *"■»*■•*<  the 
only  |Ni|M*rs  that  could  Is*  considensl  at  all  pnu'tieal 
wen*  those  Imscd  either  u|ron  the  wactinu  of  mustard 
gas  with  DIM  or  its  derivatives.*4'1  M  or  u|«»n  the  w- 
aetintt  of  mustani  with  an  X-chlonunide  and  snbse- 

<|Ucnt  detection  of  the  hydnrgcn  chloride  formed."' 

lnT.l24.ia; 

Arnrninil  IMrrtorn.  Despiti*  extensive  scan'll  only 
two  general  ty|M*s  of  impn*gtmtcd  pa|s*rs  wen*  found 
to  offer  pmmisr  for  the  ilet(*ction  of  arsenicals.  These 
wew  |wfM*rs  impn*gnatrd  with  diphenylt  hiiM*ar)raxoiH* 
or  its  t lerivuti vos  4.;i.a.w*.n»i.»4  an,|  pup,.™  jmpn-g- 
nati*d  with  potassium  iixlidc  and  stan*h.,“-,*,-,:*  At- 
tention  is  called  for  purposes  of  record  to  a  ptifrcr  for 
thcilctcrtion  oi  arsine  *  and  invest igat ions  on  the  w- 
duct  ion  of  chnrniatcs  fry  arscnicals.* 

Xitrogni  Mimtont  IMrrtorn.  Tlie  dcvi'lopmcnt  of 
pa|x*rs  suitable  for  tin*  detection  of  tlie  nitmgen 
mustanls  nidvnl  considerable  attention  Imtli  in 
Kngtand  and  in  Canada  *»».u»-ii«.i*.im  rtn,|  tl  Kmn. 
maty  of  this  work  has  ls*en  pwjmwd."*  For  field  de- 
t  cel  ion,  an  acid  iodoplutinatc  fiajier  was  adopted."1 
A  }m|M*r  employing  DIM  iuul  one.  using  acidified 
phloxilie  has  also  lieen  ik’serilxsl.*5*-77 

M inrrllnnrunn  tMrrtor  t'a/M-nt.  A  numlierof  fxirlic- 
nlarly  useful  deti*ctor  pttfx-rs  wew  iIi*vc*Io|14h1  for  nsi* 
with  a  pa|x*r  tape  nx*onk*r.  TIm*s-*  detector  fruiters  an* 
dcscrilssl  in  ( 'luipter  JW.  l\ifx>rs  wen*  also  develofxsl 
for  tin*  detection  of  vesicants  in  materials  after  de» 
cont animation7"  and  for  the  detection  of  phosgene,7" 
thioride,’*  disiilftir  ileealhioride  tt.ns.is*  and  ethyl 
diiiu‘tliylamid<M*yano))hos|iliate.""< 

.if  f  DKTKCTOK  l*\l>iTS.  POWDKKS. 

\NII  CimoNS 

Detector  paints,  fsiwdcrs,  and  crayons  w«*n*  d**- 
velofNs)  for  the  dcti*ction  of  liipiiil  chemical  warfan* ' 
agents.  They  an*  not  useful  as  vafsir  detectors.  The 
firincifial  iis4*ofdctis*tor  paints,  fxiudcrs.  and  crayons 
is  to  define  the  extent  and  degns*  of  liaxanl  pnshi<s*d 
by  the  |x*r»i«fcut  clicmicid  warfan*  agents  when 
pwsent  as  liipiids. 


SKCH1.T 


DKTRCmo*  OK  CKRTtlN  CIHiMHM,  W  MtKtRK  MiKMTS 


m i 


Dktwtok  Paint* 

Paint*  suitahj*  for  the  detection  of  ti«(tii<l  chemical 
warfare  agent*  an*  of  two  I  ionic  type*.  In  one  type  a 
dyestuff  which  in  readily  soluble  in  the  chemieul  war¬ 
fare  agent  to  lie  detected  is  incorporate*!  into  a  paint 
whose  principal  pigment  in  insoluble  in  the  agent. 
When  a  droplet  of  liquid  agent  in  placed  on  a  surface 
covered  with  nuch  a  paint,  the  agent  dissolve*  the 
dyestuff  present  in  the  area  of  contact  thereby  caus¬ 
ing  a  local  change  <if  color.  Tito  other  ty|te  of  detector 
paint  is  Imscd  upon  the  chemical  alteration  of  the 
pigment  by  reaction  with  the  agent.  This  latter  type 
of  point  may  res|iond  to  va|*ir  but  the  sensitivity  of 
the  reaction  is  usually  so  low  that  such  application  is 
not  recommended. 

Dctrrtor  Paint*  De/tending  l  '/sin  Solvent  Processes. 
A  satisfactory  paint  for  the  detection  of  liquid 
mustard  gas  wan  dcvolo|>od  by  the  British.  This  paint 
contained  a  chrome  pigment  and  /Miitmphenyla***- 
/9-napt  by  Iambic  (B-l )  as  a  dyestuff.  Inv**stigations  in 
this  country  were  directed  toward  mtidifying  the 
British  detector  paint  to  meet  local  manufacturing 
conditions  4*"*5T*""  and  toward  the  dischwure  of 
other  dyestuffs  more  suitable  than  B-l.  Attention 
was  also  |»iid  to  the  formulation  of  paints  that 
would  distinguish  lietwecn  liquid  mustard  gas  and 
lewisite,15*1’ 

Detector  Paint*  Dr  item  ling  ('pan  Chemical  Prac - 
e**r*.  The  use  of  a  paint  containing  mercuric  oxide 
has  licen  suggested  for  the  detection  of  liquid  mustard 
gas5"  and  a  standard  green  chromate  paint  for  the 
detection  of  lewisite."1 

DktkctoR  Powiikks 

As  with  detector  paints,  detector  powders  may  Is* 
formulated  on  tin*  Isisis  of  either  solvent  or  chemical 
priss'sses.  In  «smtnist  to  detector  paint*  which  may 
lie  used  to  define  the  extent  and  degree  of  liquid  con¬ 
tamination  on  objects  selected  prior  to  the  time  of 
contamination,  detector  powders  are  of  more  general 
application.  Detector  powder*  may  !*•  used  to  define 
area*  «*f  contamination  either  Is’fore  or  after  tlie  act 
«if  contamination  anil  are  superior  to  detector  paints 
for  this  reason.  Both  in  Knglnndnmhmthct  \mtinent 
considerable  attention  was  paid  to  the  development 
of  detector  powders  and  mcanr  of  disseminating  than. 
It  is  to  lie  regretted  that  compand -le  interest  did  not 
prevail  in  this  country.  Although  sevend  useful  d*4- 
tector  powder*  were  develop** I  «.•"■**•  ••  •«■«»■»!  they 
won4  not  ex|il«>it«'<t  even  to  tlie  e\t«*nt  *if  tletormining 
tln’ir  usefuliM4**  under  field  conn  *inn*. 


Dktkctoii  C’nAVox* 

Detector  p«iw«lers  may  Is*  us*4*!  in  the  form  of  a 
detector  crayon  or  clialk.  Detector  crayons  as  such 
are  u**4ful  for  detecting  the  presence  of  liquid  or  high 
vapor  concent  rat  ion*  of  eertain  chemical  warfare 
agents,  for  example,  in  the  ease  of  leaking  munitions. 
Tlie  crayon  may  also  lie  reduced  to  a  powder  and  used 
in  this  form.  Attention  is  called  to  detector  crayons 
that  haw  l*>cn  develo|>ed  for  the  detection  of 
mustard  gas,  arsenical*,  anti  tin*  nitrogen  mu*- 
t  ards. 1  n  -M '**-** >T5' n 

31.:,  DKTKCrroK  KI  IS 

A  manlier  of  kits  were  dovolojied  in  «mler  to  pr«i- 
vide  means  for  tlie  <lct*4ctinn  of  certain  chemical 
warfare  iigents  pirticularly  under  field  conditions.  As 
th*4**4  kits  wen*  design*4*!  for  us*4  in  forwanl  ureas, 
reliability  was  necessarily  sacrificed  lor  mobility  anil 
case  ol  <i|X4mtion.  In  general  three  kit *  are  ca\tnbU' 
of  providing  presnm/dive  evidence  in  regard  to  the 
ftonnihle  presence  nr  absence  of  a  restricted  groan  of 
chemical  irarfare  agent*  There  i*  no  doubt  that  some, 
of  them  are  very  useful  for  pur/mse*  of  restricted 
identification.  There  is  also  no  doubt  that  none  of  these 
va/str  defector  kit *  is  ra/mldc  of  giving  rrliiJde  gunnti- 
tative  information  or  even  semiguantitative  information 
in  regard  to  the.  concentration  of  a  itnrliculnr  chemical 
iraifarc  agent  although  they  hare  been  advocated  for 
this  use. 

Hritish  Vn/mr  Detector  A7f.,,H4-,vl'"ul"  This  kit 
pnividcs  for  t Ik*  detection  of  mustard  gas  ami  the 
nitrogen  mustards.  A  Spitted  Dick  test  paper  is 
used  for  tlie  detection  of  mustard  gas  and  an  arid 
iisloplatinate  paper  for  the  detection  of  the  nitrogen 
mustards.  Considerable  difficulty  has  liven  cn- 
countcred  in  using  this  kit  under  tropical  coudi- 
ti«*ns.,,*■,^,,  Although  this  kit  could  lie  improved  in 
detail,  it  has  many  commendable  features.  Its  use 
for  quiuititativc  or  semiquantitative  pnrp*i*e* is 
extremely  questionald*4. 

StJ)  lo/wr  Detector  Kit.MM  This  kit  which  has 
lieen  standardised  by  the  Clicmical  Warfare  Service 
ciKitains  impregnated  silica  g'l-typo  detectors.  It 
pnividcs  for  the  detection  of  mustonl  gas,  the  nitni- 
gen  mustards,  arsniicals,  cyantigen  chloride,  mid 
phosgene.  It  could  lie  readily  mislified  to  provide  for 
tig*  detection  of  hydrogen  cyanide.  Then4  is  little 
doubt  that  f.ir  intelligent*4  pur|Mi*cs  the  M-ft  kit  is 
superior  to  all  fon*ign  kits  with  regard  to  Isitli 
sensitivity  ami  versatility.  However,  it  is  inca|iab|e 
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of  providing  mliable quantitative «>r*rmit|unntitu»ive 
information  ami  in  it*  present  form  is  not  particularly 
convenient  to  use. 

Xnry  Mark  /  Vapor  Detector  KUV  fn  this*  kit  im¬ 
pregnated  silica  gel  <loto<*t<*r  tulie*  an*  provided  for 
Hie  detection  of  mustard  gas,  the  nitrogen  mustards, 
pitot' gene,  lewisite,  cyanogen  chloride,  and  hydrogen 
cyanide.  A  crayon  for  the  <k*tretion  of  mustard  gn*  i* 
alao  included.  In  genera!  thia  kit  maemhlea  the  M-fl 
detector  kit  although  it  liaa  greater  veraatility  and  ia 
aiiperior  to  tlie  M-ft  kit  in  regard  to  eaae  of  opernt  ion. 

Security  Division  Detector  Kit.7*  A  kit  intended  for 
uae  by  the  Security  Division  at  KdgrwiMsI  Araenai 
provided  for  tlie  detection  of  mutant  gn*,  the  nitro- 
gen  mustards,  lewisite,  hydrogen  cyanide,  cyanogen 
cidoride,  ami  phoagenc,  using  ailicn  gel  detect  ora,  im- 
pregnatial  |m|nts,  and  reagent,  rotation*.  Ttie  kit 
ap|ietira  to  Is*  satisfactory  for  Hm»  porpoae  for  which 
it  waa  designed. 

Detector  Pa/trr  Kit.*  A  kit  containing  three  im¬ 
pregnated  |Ni|ieraand  one  reagent,  contained  in  rented 
rapillarie*.  waa  developed  aa  on  adjunct  to  the  Mfl 
kit.  Pmviaion  was  made  for  the  detection  of  muatard 
gaa,  tlie  nitrogen  muatanla,  the  nrsraical*,  phosgene, 
hydrogen  cyanide,  and  cyanogen  rhlorutc.  No  pnr- 
viaion  xvaa  made  for  aapirating  nir  thnnigh  tlie  im¬ 
pregnated  paper*.  Roth  aenaitivity  and  specificity 
were  low. 

<H’I)  Detector  Kit .*•*  A  kit  waa  developed  for  pos- 
aible  u*e  by  the  Office  of  Civilian  Defense.  It  con¬ 
sisted  of  two  arpnmtc  nnita.  Tlie  firat,  a  portable 
detector  kit,  could  lie  carried  to  tlie  acene  of  an 
incident  und  the  arconri,  a  aet  of  rengent  solution*, 
could  lie  used  to  identify  or  confirm  tlie  ident  ifient  ion 
of  any  agent  «lctcctcd  bv.lie  portalde  iletector  kit. 
TIs*  portable  detector  kit  contained  a  screening 
tula*  which  had  two  gel  section*.  Tlie  firat  gel  section 
contained  met  anil  yellow,  DIt-3,  p-dimcthylnmino- 
liensuldchydc  anil  *//»«-trimetho\vla*n»ene.  The  sce- 
ond  jairt  of  the  gel  contained  metanil  yellow,  sodium 
acetate,  and  mercuric  chloride.  In  using  tlie  tula*,  a 
sample  of  suspect  **d  air  was  drawn  through  the  tula* 
and  tin*  intake  section  of  the  tula*  was  cautiiatsly 
heated  until  the  mercuric  iodide  changed  color.  If  the 
tula1  did  not  show  any  direct  color,  nonprrsistent 
agent*  wen*  uliacnt.  If  no  test  was  obtained  after 
ilcvclopmcnt,  persistent  agents  were  alisent.  Tlie 
second  section  contained:  (I)  30  screening  tula**, 
contained  in  two  sercw-eap|s*ri  vials,  (2>  30  sampling 


tula**,  contained  in  two  *crcw-rap|a*d  viala,  (3)  one 
amall  Imttlr  filled  with  10  per  relit-  XnOlt  solution 
and  pmvideil  with  a  medicine  dropper,  (41  one  tula* 
or  laittle  containing  rniline  adsorlicd  on  pumice,  and 
(3)  one  nibla*r  bulb,  pump,  liellows,  or  other  source 
of  vacuum. 

Detector  Kit  For  Winter  \  kit 

wa*  devehi|XHl  for  detecting  the  presence  of  vesicant 
cltcmirat  warfare  agent*  on  food*  und  fiaal  |»i<kiigiiig 
materials.  Tills  kit  provided  for  tlie  detection  of 
mustard  gas  and  it*  homotog*,  cyanogen  chloride,  the 
nitrogen  mustards,  the  arsenical*,  and  certain  toxic 
heavy  metals.  Thi*  kit  is  particularly  noteworthy 
tiecaoso  of  it*  employment  of  ingeniou*  silica  gi*l 
|Ki|K*r  composition*.*' 

Water  Tenting  Kit.7'  **  *  A  kit  was  developed 

which  hml  for  it*  purpose  the  detection  of  contami¬ 
nation  of  raw  water  by  chemical  warfare  agents. 
Provision  was  made  for  the  detection  of  mustard  ga* 
and  arsenical*,  und  for  tlie  determination  of  the  pH 
and  chlorine  demand.  This  kit  was  intended  for 
s<  iccning  purpose*  only  and  its  findings  were  subject 
to  confirmation  through  use  of  a  more  elulsirutc  kit 
descrilied  in  Chapter  39.  Reference  is  miule  to 
Canadian  anil  Hritish  kits  designed  for  similar 
purpose*. KT 

Enemy  Detector  Kit*.*"  It  is  of  interest  to  note  that 
tlie  detectors  employed  in  enemy  iletector  kits  were 
universally  inferior  in  sensitivity  and  specificity  to 
those  present  in  American  or  British  kit*.  Tlie  <!er- 
mnn  detector  kit  **■*•  was  noteworthy  liecause  of  its 
ingrnioo*  although  complicated  const  ruction  and  the 
Japanese  Naval  Type  detector 41  •**•“  liecause  of  It* 
clever  aspirating  ilevice.  Tlie  reference  cited  01*0*0 
contains  a  talmlar  summary'  giving  tlie  manlier  of 
tul**s  and  original  color;  the  agent*  detected  and  the 
color  produced;  and  also  tlie  interference*  which  af¬ 
fect  tlie  relinliility  of  tlie  test  of  each  of  tlie  following 
kits:  Hritish  Kit,  Mark  II,  Pocket  Vapor  Detector, 
Cowman  Clicmient  Agent  Detector  Kit,  Japanese 
Chemical  Agent  Detector  Kit,  Japanese  Naval  Type 
Chemical  Agent  Detector  Kit,  Japanese  (la*  De¬ 
tector  Kit  II,  Japanese  (5a*  Detector  Kit  A,  Italian 
Detector  Kit  for  mustard  and  phosgene,  and  Chinese 
Agent  Iletector  Kit. 

\l  inertia  newt*  IMrrtor  Drew*.  For  piirjui-***  ot 
record,  attention  i*  called  to  several  devices  pro|Misrd 
for  the  detection  of  mustard  gas,  tin*  arsenical*,  and 
fluorine-containing  toxic  agents.* 8 
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IDENTIFICATION  OF  CHEMICAL  WARFARE  AGENTS 

By  Car!  Xirmann 
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35.1  INTItODltmoN 

tiK  rapid  and  Atrt'RATK  ielcntificatiein  of  diemi- 
e*nl  warfare  agents  used  l»y  enemy  fnn*e*x  is  noe-e'*- 
saiy  for  the  development  of  effertive  countcrm  c;ih- 
un*s.  One  has  to  gtianl  against.  the  eventuality  of  the 
use  not  only  of  a  recognised  agent  Imt  of  new  ernes  ax 
well.  By  providing  meanx  of  iele*ntihe*atiein  at  a 
numlicr  of  organisational  teveix,  characterisation  ean 
lie  expedited  although  it  ix  clear  tluit  only  limited 
information  nut  In*  expected  from  forward  gmupa.  In 
practice  it  woutel  appe*ar  that  fonvanl  gnaipx  should 
not  In*  asked  to  provide  information  lN*yond  tlte 
poxxible  prexence  or  alixence  of  recognised  agentx  or 
the  |Hs*«lh|e  prexence  of  a  new  agent.  Tlteir  primary 
function  xhmild  In*  the  procurement  of  xuitahle  team- 
plex  for  rear  area  extalilixhmentx.  Thus  proper  pro- 
vixion  for  chemical  intelligence  should  include*  .semi¬ 
permanent  luUimteiry  units  capable  e»f  performing 
all  tasks  ne*e*e*ssary  for  the  ceimplete  it  lent  ificat  ion  of 
nveigniarel  anti  new  diemical  wjtrfan*  material  tvs 
well  ax  portable*  kits  of  mein*  limiteel  applicability  feir 
ttxe  in  forwaiel  anus. 

33.2  l.\HOR\TOHY  IDKNTIFIC  VTION 
OF  C.IIKMICM.  WNRFNKK  MJF.NTS 

In  on!e*r  tei  insure  the  rapitl,  positive*  identification 
eif  Imth  m*t ignisctl  anti  new  chemical  warfare  agentx 
anel  material)  aele*e|uate  lalxiratoty  facilities  must  In* 
provided,  These*  can*‘V  obtained  only  In  a  xemi- 
pe*mianent  installation.  Mobile*  ltdNirateirie*x, ait laxigh 
fascinating  in  some  n*spee*tx,  are  text  limiteel  in  aj>- 
plicabilitv  tei  In*  dmrgctl  with  primary  n*xjN*nsibility 
for  |Misitive  iele*ntilie*ation  eif  new  che*mie*al  warfan* 
agents  or  material.  This  section  will  In*  cemfincel  to 
tlx*  facilities!  anel  pnN*ce|un*s  rrep.ircd  in  se*mi- 
]N<nuatie*nt  installat  ions. 

35.2.1  i.alx>rottirA  Facilities 

A  militaty  lalxiratuiy  eliffe*rs  fmm  a  civilhut  taw  in 
that  tin*  former  must  In*  capable  of  oj»>mtit»n  in 
regions  tle*voitl  of  the  usual  faeilities  itsxeN’iuted  with 
ele*vclti|Nxl  urban  antis.  In  emler  tei  pniviele  for  tin* 
establishment  of  a  self-sufficient  lalmratory  it  wax 


assumed  **  that  (I )  the  lalNirateny  in  i|ui*xtiiin  would 
In*  a  xemi|N*rmanent  installation,  (2)  it  woultl  In* 
staffed  by  individuals  xkille*el  in  the  pmetiei*  of 
che*mistr>*,  (3)  the*  staff  woultl  consixt  of  thn*e  to  six 
chemists  continuously  cmploye*ti,  (I)  tlte  duties  eif 
the  lalMiratory  would  In*  principally  of  an  analytical 
natun*,  (3)  the  analytical  tasks  to  In*  i>ntici|mteel 
woitlii  In*  those  arising  fmm  eht*mical  warfan*  pmli- 
lems,  anel  (tl)  the  lulwnitory  must  In*  capable  eif 
opemtion  for  a  pcritxl  of  (i  months  in  regions  remote 
fmm  wHircex  of  supply.  Starting  with  tlte  uInivc  in¬ 
formation  and  assumptions,  the  neeels  of  a  Theater  of 
Operation  chemical  lalNtratory  wen*  conside*n>il  and 
de*taik*ei  n*commenelatiuns  wen*  math*.5"**  In  gene*ml 
tlte  recommenelations  in  n*ganl  to  ee|uipmi*ut,  a|>> 
paratux,  anil  supplier  were  maele*  on  the*  liasis  of  as- 
sunteei  is  lop  t  ion  of  millignim  or  ccntignim  pro- 
ceelnres;  tltese  techniques  allowi*el  ease  ami  rapidity 
of  manipulation,  afTonled  a  concomitant  et*onomy  of 
mtgcntx  anel  chemicals,  pe>rmitte*i|  tlte  use  of  u|>* 
panetus  that  was  mue*h  less  bulky  than  that  cn- 
counten*el  in  elecignun,  gram,  or  multigmnt  pm- 
ceelun*s,  anel  intnduced  a  considerable  fiu-tor  of 
safety  wlM*n  working  with  noxiiNis,  toxic,  or  explosive 
sulistnnces. 

Tlie  id  Hive  citeel  n*commen*lations  provided  tin* 
iNisis  for  iIm*  pmciin'ment  of  till*  so-calkxl  Chemical 
ijilsinitory  Companies  anel,  on  tlH*  liasis  of  actual 
ei|x*nition  of  tliese  units  in  overseas  areas,  it  nppe*arx 
that  in  ge«H*ral  adequate  lul strut ory  faeilitie**  were 
pmvieleel.M 

35.2.2  Ijthoratorv  I’reweilures 

*  \ 

( liven  suflicient  time*  ami  adequate  facilities  tht*n‘ 
is  little  iloubt  that  competent  cliemixtx  can  ielentify 
practically  any  snlistanee.  However,  ill  view-  of  tin* 
newel  for  rapiel  iilentificatiem,  it  was  e*einsiilen*i|  «el- 
visabk*  to  pniviele  lalsimteirv  |N*rsonne*l  with  various 
selH*mes  in  emler  that  idi'iitificutioti  might  Is*  ex¬ 
pedited. 

Prorarrmrul  of  Som/tlr.  The  first  rce|uircuicnt  of 
any  seisms*  of  analysis  is  pnN'un*ns*nt  eif  tie*  sample*. 
Although  in  most  iiistauei's  snuipli's  of  dii'uiie'al  wn*’- 
fan*  agents  may  In*  obtainisl  fmm  tinexplesled  ami 
malfunctioned  munitions,  it  was  (bought  imce*»ary 
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to  consider  the  collection  of  samples  from  otlier  con- 
laminated  mnteriids,  such  am  noil,  foliage,  and  ma¬ 
sonry.  The  results  of  this  study  5*h  and  others **-44 
proved  to  lx*  of  value  in  considering  the  design  of  a 
field  sampling  kit.4"  **  Soil,  foliage,  or  air  sampling  is 
of  limited  applicability  and  a  really  satisfactory 
gcnerul  solution  of  this  problem  has  not  lx*cn  at¬ 
tained. 

Separation  and  Purification  of  Sample.  Tlie  next 
step  in  the  systematic  scheme  of  identification  was 
consideration  of  a  system  suitable  for  tlie  separation 
and  purification  of  chemical  warfare  agents.  While 
conventional  methods  familiar  to  any  competent 
organic  chemist  suggested  themselves,  t  lie  advantages 
of  micro  and  semimirm  procedures  soon  lieramc 
evident.  A  system  of  procedures  for  the  separation 
and  purification,  by  distillation  or  sublimation,  of 
50-  to  300-mg  quantities  of  chemical  warfare  agents 
was  therefore  developed.15  The  distillations  were  per¬ 
formed  with  on  efficient  mirmfmctionnting  still  at 
2-  to  700-mm  pressure,  a  molecular  still  at.  0.001-  to 
i-mm  pressure,  or  a  sublimation  apparatus  at  0.001 
to  700  mm.  The  procedures  were  not  generally  ap- 
pliealtle.  to  the  separation  of  components  I  toiling  he- 
lmv  mom  temperature  although  provision  was  mode 
for  their  collection.  Even  though  distillation  is  the 
.most  general  and  easily  systematised  method  for 
purifying  unknown  samples,  it  should  Is*  emphasised 
that  distillation  or  sublimation  will  not  Is*  suitable 
for  sulistances  that  decompose  cm  heating  Wore  they 
attain  a  vapor  pressure  of  at  least  10'*  mm  (the  lowest 
pressure  obtainable  without  the  use  of  a  diffusion 
pump).  In  those  coses  wliere  distillation  is  found  to 
Is*  impossible,  other  purifi  ation  metlusls  such  ns 
crystallisation,  or  methods  involving  partition  lie- 
t  ween  solvents  haw  to  Is*  employed.  Procedures  were 
also  included  for  tire  determination  of  certain  physi¬ 
cal  constants  in  onI«r  to  determine  a|iproprinte  puri¬ 
fication  metlusls,  and  to  check  the  separation  ef- 
fccted  by  those  metlusls 

l  ‘Itimate  Ann\p*i*.  Tito  advantages  of  early  knowl¬ 
edge  of  the  elementary  composition  in  tlu*  charac¬ 
terization  of  lioth  organic  anti  inorganic  compounds 
let!  to  tlu*  providing  of  pns’edures  not  only  for  the 
qualitative  identification  ttf  certain  acidic  elements 
likely  to  Is*  ftstnd  in  chemical  warfare  agents  3  l*ut 
also  a  system  for  the  ultimate  nnnl.vsis  ttf  chemical 
warfare  material  by  which  tmo  could  obtain  not  only 
qualitative  but  also  quantitative  informntittn  regard¬ 
ing  flu*  elementary  composition.4*15*  This  latter 
system  of  ultimate  analysis  was  used  extensiwly  by 
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lalsimtory  company  personnel  for  the  analysis  of  a 
great  variety  of  sultstanees  including  canister  carlstns 
and  ordnance  materials.4* 

For  the  quolitntiw  identification  ttf  certain  acidic 
elements 55  the  *inc  dust-calcium  oxide  fusion  melius! 
was  Adapted  to  the  detection  of  nitrogen,  the  baht- 
gens,  arsenic,  sulfur,  anti  phosphorus,  using  single 
l-mg  samples;  anti  for  carlstn  and  fluorine  using 
separate  l-mg  samples.  The  metlusls  were  applicable 
to  compounds  having  a  ladling  point  higher  than  nj>- 
proximatety  00  V,  and  any  ttne  of  the  atsive  elements 
etttdtl  Is*  detected  In  the  presence  of  any  of  the  other 
elements  when  present  to  the  extent  of  I  -5  per  cent 
of  tin*  sample  weight. 

The  system  for  the  ultimate  analysis  of  chemical 
warfare  agents  4-5,s*  consists  of  three  parts.  Fart  1 4 
provides  procedures  for  decomposing  the  sample  by  a 
fusion  with  ttxlium  peroxide  in  a  suitable  Iximh.  Tim 
sample  can  Is*  a  solid  or  it  con  Is*  a  liquid  with  a 
I  toiling  point  higher  than  40  (1.  The  sample  ran  also 
Is*  ^  liquid  ttr  gas  with  a  lutiling  point  Itelttw  40  0 
provided  that  it  is  sealed  in  an  appropriate  glass 
capsule. 

Part  II 4  of  the  systematic  srheme  provides  pro- 
cednrcs  for  the  systematic  detection  and  semi- 
quantitative  determination,  by  volumetric  or  colort- 
metric  methods,  of  nrsenic,  Itoron,  bromide,  chlorine, 
chromium,  fluorine,  itMline,  phosphorus,  selenium, 
silicon,  sulfur,  and  tellurium.  Procedures  are  also 
descrilied  for  the  quantitative  determination  of 
nitrogen,  rnrlNm,  and  hydrogen.  The  procedures  em¬ 
ploy  techniques  commonly  used  in  semimicroanalysis. 
Sample  weight  requirements  are,  10  20  mg  for  detec¬ 
tion  and  estimation  of  those  elements  provided  for- 
by  the  systematic  analysis,  and  15-30  mg  for  the 
determination  of  corlmn  or  carlion  and  hydrogen. 
Tire  sensitivity  of  tire  detection  of  those  elements 
provi<irri  for  in  the  systematic  analysis  is  I  per  cent 
of  tlie  sample,  that  is,  any  of  the  elements  mentioned 
nl>ovo  which  constitute  ns  much  as  1  per  cent  of  the 
original  sample  shisild  Is*  detected.  The  accuracy  of 
the  estimation  of  those  elements  provided  for  in  the 
systematic  analysis  is  ±0.3  mg  in  a  10-  to  20-mg 
sample;  that  is,  the  amount  of  element  present  can  l>c 
estimated  to  within  a  deviation  of  +0.3  mg.  How¬ 
ever,  deviations  as  much  as  ±t).H  mg  may  occur  with 
certain  elements  present  in  large  quantities.  The  ac¬ 
curacy  of  the  determination  of  nitrogen  is  ±0.1  ing, 
that  of  carlsm  by  the  diy  combustion  inethisl  is 
±0.05  mg,  and  by  the  wet  comlmstion,  ±0.05  mg. 

Part  III  of  the  systematic  scheme 54  provides  for 
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the  systematic  «lotct*tl«in  iumI  scmiqnnntitative  esti¬ 
mation  of  tlx  mo  Imsie  element*  which  may  la*  cn- 
eiHiulcrcd  in  the  analysis  of  chemical  warfare  agent*. 
Those  element*  an*  included  which  are  likely  to  Ik* 
eneimnteml  a*  constif  uents  of  toxic  agent*  and  their 
container*,  incendiaries,  pyrotechnic  agent*,  and  pro- 
t  relive  equipment.  Tlic*(*  element*  an’  (in  the  order 
of  their  detection  and  estimation)  iron,  titanium, 
manganese,  nickel,  cadmium,  magnesium,  liarium, 
strontiiim-ealrium-srlcnium,  tellurium,  copper,  lead, 
sine,  arsenic,  antimony,  tin,  nnd  chromium.  Met  Inal* 
for  aluminum,  *ilver,  and  potassium  were  also  in¬ 
cluded.  Tlicse  methial*  are  applicable  to  most  organic 
nnd  inorganic  eonqMiunds  which  are  not  resistant  to 
fusion  with  sialium  peroxide.  A  10-  to  20-mg  sample 
is  misled  for  the  analysis.  A  Iwisic  element  can  la*  <!<*- 
tertnl  if  it  comprise*  at  least  I  per  cent  of  the  sample. 
Tlie  analysis  is  made  on  the  residue  and  the  solution 
resulting  from  a  sialium  peroxide  fusion  identical 
with  that  employed  in  the  analysis  of  acidic  clement* 
and,  when  desired,  a  larger  sample  i*jui  lie  used  for  a 
single  fusion  for  laith  systems. 

Dins  ) ions  for  preparing  the  reagents  used  in  the 
alaive  system,  a  list  of  apparatus  required,  tlie 
amount  of  reagents  needed,  a  description  of  the  re- 
quill’d  techniques,  tuid  s|a*cif]cations  for  the  construc¬ 
tion  of  special  apparatus  have  l*ecn  provided.51 -’t'” 
In  addition,  an  outline  was  prepared  *  for  a  course  of 
instruction  consisting  of  lectures  nnd  lalsimtnry 
work,  which  lias  as  its  purpose  the  training  of  per¬ 
sonnel  of  the  analytical  section  of  tlie  Chemical 
Warfare  Sen-ice  [CWS]  M-2  Chemical  Isilsimtory 
( 'oin|NUiy.  The  course  required  0  wei’ks,  S  hours  per 
day,  0  days  |s-r  week. 

Functional  tSroap  A  naliim.  A  system  for  tlie  identi¬ 
fication  of  functional  wmips  present  in  chemical  war- 
fan1  agents  has  ls*>n  devised,51  which  had  for  its  pur¬ 
pose  tlie  identification  of  either  the  simple  or  com¬ 
plex  functional  groups  winch  may  lie  present  in 
orgiuiic  domical  wnrfare  agents  containing  any  of 
tlie  following  elements:  oxygen,  chlorine,  bromine, 
online,  fluorine,  nitrogen,  sulfur,  arsenic,  and  phos¬ 
phorus.  Consideration  ha*  lieen  limited  (I)  to  func¬ 
tional  grotqis  present  in  a  large  numiier  of  com- 
IMiunds  which  wen*  testid  and  found  to  have  toxic 
or  vesicant  properties  either  by  investigators  working 
at  Poi ton  or  the  Cniversity  of  Chicago  Toxicity 
L-klximtory,  (2)  to  functional  gnmps  present  in  com- 
jsmnds  which  an*  known  to  lie  effective  irritants,* 
and  (3)  to  functional  groups  which  occur  in  tin- 
hydrolysis  or  oxidation  pnslurts  of  some  of  these 


eom|Mitinds  or  which  occur  in  the  common  impurities 
of  some  chemical  warfare  agents.  Tlie  system  was  not 
intended  to  provide  for  the  identification  of  a  particu¬ 
lar  compound  lait  was  part  of  a  general  scheme  de¬ 
vised  for  that  pitrpo*".  The  application  of  the  system 
requires  (I )  that  the  test  sulistance  ls>  known  lo  con¬ 
tain  curium,  (2)  that  qualitative  information  as  to  the 
presence  of  elements  other  tluui  carl  sin,  hydrogen, 
nnd  oxygen  lie  available,  tutd  (3)  that  it  lie  a  pure 
compound.  Tlie  system  is  committed  to  o|icmtion* 
on  a  milligram  scale  with  the  result  that  only 
15  30  mg  of  purified  test  sulistance  are  sullicient 
for  a  complete  series  of  tests. 

In  general  the  system  consists  of  systematic  tests 
and  includes  (I)  general  tests,  used  on  all  unknowns, 
to  determine  whetlicr  the  sulistance  is  acidic, 
neutral,  or  liasic  and  whether  it  is  an  oxidising  or  re¬ 
ducing  agent,  and  (2)  restricted  tests,  applied  only 
in  certain  cases  ile|iending  upon  the  elementary  com- 
IKisition  of  the  unknown.  Tabular  summaries  are 
provided  for  tlie  rapid  correlation  of  olisorvod  test 
tshavior  with  tlie  iiehavior  of  individual  functional 
group*.  Detailed  directions  for  the  manipulation  of 
milligram  quantities  of  test  materials,  a  list  of  np- 
pnrntiiH  and  equipment  needed  for  the  system,  and 
a  list  of  reagent*  required  mill  tlicir  preparation  an* 
given  in  a  series  of  upiiendiee*.54  5" 

herimlhntion.  Application  of  the  above  schemes 
to  the  iilentification  of  an  unknown  chemical  warfare 
agent  usually  results  in  limiting  the  unknown  to  a 
(Hirticitlar  group  of  possible  compounds.  Positive 
identification  can  then  Ire  accomplished  by  deriva- 
tisition  ami  direct  comparison  or,  if  the  compound 
has  not  Isx’ii  previously  dcscrilieri,  by  transforma¬ 
tion  into  known  cnm|Miund*.  In  order  to  facilitate 
identification  in  those  cases  where  the  com|>ound  hail 
prcvitsisly  lorn  prc|Ktretl,  priK-edure*  wen*  developed 
for  the  derivaticktion  of  tla*  more  common  chemical 
warfare  agents  and  the  melting  points  ol  the  deriva¬ 
tives  determined.51'*  ” 

Tubular  Summnruc.  In  onler  to  provide  adequate 
data  with  resjiect  to  the  physical  constants  of  the 
more  common  toxic  chemical  warfare  agents,  the 
literature  was  examined  for  100  compounds,  II  of 
which  wen1  specially  selected  I  treatise  they  wen* 
considcn'd  as  probable  aggressive  agents.  The  re¬ 
view5*-  wo*  intended  to  supplement  Chemical  War¬ 
fare  Service  Field  Lalmmtoiy  .Memoranda  previously 
issued.51-55**  The  physical  constants  considcn’d 
wen’  (I)  molecular  weight,  (2)  elementary  com|si*i- 
tion,  (3)  isiiling  point,  (I)  vapor  pressun*,  (?»)  melting 
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point,  (i\>  density,  and  (7)  refractive  index.  These 
properties  won*  organized  in  the  form  of  indie**,  tin* 
romiMMindi*  in  general  lining  arranged  according  to 
increasing  vain**  *»f  the  property. 

M ir niKropir  Mrlhniht.  In  order  to  augment,  and  in 
Dome  instance*  to  extend,  the  potentialities  of  the 
altovo  met  his  Is  of  identification,  investigation*  were 
undertaken  to  pr*»vi«le  mienweopic  mcthmla  for  tlie 
identification  of  (h  derivatives  of  chemical  warfare 
agent*,*** '•  '*•'*' 17  '*  (2)  solid  ehemiral  warfare 
agent*,'  *'U4  and  Cl)  certain  element*  pre***nt  in 
chemical  warfare  agent*.""1  This  program  was  *til**c- 
quently  expamled  to  inelmle  tlie  microscopic  charac¬ 
terization  of  selected  explosive*.*  The  «lerivative* 
coven*  I  in  this  study  com  prise*  I  tlie  mor*  important 
one*  for  tire  common  agents.  In  tlie  course  of  tlie 
work  Kutnc  13M  compounds  presenting  MW  different 
crystalline  phase*  have  lieen  deserilied  optically  an«l 
geometrically,  all  but  a  few  of  them  for  the  first  time. 
A  compromise  wa*  made  lietween  iileid  completeness 
of  descriptive  data  and  what  information  was  most 
readily  obtainable  on  samples  as  they  might  tie 
studied  in  the  ( Vmical  Lilmratoty  Companies.  Em¬ 
phasis  was  placed  on  properties  that  are  distinctive 
and  easy  toolisrrvp,  and  on  method*  that  will  insure 
their  ready  and  consistent  availability.  Tlie  descrip¬ 
tions  an*  in  accordance  with  stnndnnl  practice,  and 
slmiihl  In*  usable  by  anyone  having  a  foundation  in 
microscopic  crystallography. 

In  most  instants**  a  few  of  the  mon*  obvious  char* 
acteristics  will  suffice  for  recognition  of  an  agent  or 
tlerivative,  so  that  tlie  oltsorvcr  should  In*  able  to 
identify  unknowns  without  n*sorting  to  all  tlie  tie- 
tails  tif  the  tlcscriptions  renorted.  TIm*  inex|N*rienct*tl 
micmscopist  will  In*  grer.'fly  aitleil  in  tin’s  by  ctini- 
INirisoiis  with  the  sets  of  samples  that  an*  part  tif  iht* 
equipment  of  tlie  Chemical  Isdsmitory  Companies. 
Several  s|iecial  technit|Ut*s  not  previously  emphasized 
wen*  developed  anti  found  particularly  useful  in  this 
work. 

It  was  possible  in  a  numls*r  tif  instance*  to  tlevelop 
rapid  mcthisls  for  tlie  identification  tif  agents  by 
making  use  of  crystalline  tlerivative*  that  tin*  readily 
pn*pnn*d  on  a  micro  scale  anti  also  by  applying  the 
well  known  mictions  of  microscopic  qualitative 
analysis  for  tlie  identification  tif  certain  ek*mt*nt*. 
Tin*  work  carried  out  along  this  line  included  micro¬ 
scopic  studies  of  all  solid  agents  Miougiit  to  In*  of 
intcn*st,  anti,  since  many  tif  these  exhibit  characteris¬ 
tic  crystalline  pro|N*rt  it**,  direct  identification  wit  limit 
derivation  is  iMissible.  Descriptions  anil  methtNis  for 


the  microscopic  identification  of  tlit*  common  high  ex- 
plosivesantl  primer  ingredients  were  prepared  for  the 
use  tif  tlie  Chemical  Isdsmitory  (‘onqianies. 

Microscopic  prtN*ctlures  an*  |iartieularlv  appropri¬ 
ate  iNstiust*  tin*  tlt‘rivativi*s  obtained  art*  iilent  died  by 
melting  point  ami  crystallographic  study  to  afford  a 
nitmlsT  of  additional  chnmeteristic  criteria  with 
which  to  confirm  an  idt*ut  ideation.  Dcrivatization  n*- 
actitais  can  ordinarily  In*  applitsl  to  previously  frac¬ 
tionated  anti  purified  ssunples,  but  microscapie  iilent  i- 
ficatitm  usually  tits**  not  require  such  a  high  degree,  of 
purification  of  the  tlcrivalivt**  or  separation  from 
mixtures,  diluents,  thickeners,  etc.  Many  of  tie*  ile- 
rivatization  reactions  can  In*  carried  out  under  the 
microscope  often  with  impure  sample*  or  mixtures 
of  agent*  to  yield  directly  tlerivative*  of  characteris¬ 
tic  crystallographic  pro|x*rtit*s. 

Shi, unary.  In  view  of  the  fact,  that  the  lolmmtory 
companies  were  provided  with  adequate  library  and 
lalHiratory  facilities  in  atMition  to  Iwing  supplied 
with  the  alsive  anti  other  identification  procedure*,17 
ciitisiilcnililt*  ronfidettee  could  In*  placed  in  their 
ability  to  identify  rapitlly  IniIIi  recogniaeil  nml  new 
chemical  warfare  material.  Events  proved  that-  this 
confidence  was  justified.41  It  should  In*  |>ointt*d  out. 
that-  a  numlwr  of  other  Hchemes  for  the  iilent  iilent  ion 
of  chemical  warfare  agents  have  lN*en  pro|Ntsed  “•"*11* 
um  «i  |>t,|  almost  wit  limit  exception  they  wen*  con¬ 
sidered  inadequate  for  tla*  purjNist*s  of  a  semi- 
|N*rmiuit>iit  lalsirattiry  unit  although  admittedly  use¬ 
ful  in  other  circumstances. 

.TU  IDENTIFICATION  OF  CHEMICAL 
WARFARE  AGENTS  IN  MOHILF. 
LABORATORIES 

Mobile  lalsirattirit**  intern  let  I  for  purposes  of  chemi¬ 
cal  intelligence  wen*  developed  ami  used  by  Isitli 
Canadian  M  anil  British units.  There  Is  no  doubt 
that  a  mobile  hilsirutory  offer*  considerable  challenge 
to  tin*  ability  of  designers;  unfortunately,  the  limita- 
titms  of  space  so  restrict  tlw*  scope  of  such  lalsiratories 
that  they  cannot  Is*  considered  a*  a  replacement  for  a 
welt-equipped  semi|N*rmancnt  installation.  It  would 
ap|N*ar  that  mobile  lalstnilorit**  an*  of  utility  only 
in  those  cases  wltcn*  the  problem*  they  may  en¬ 
counter  are  clearly  defined  as,  for  example,  identified- 
tinn  of  reeogttized  agents,  surveillance  of  issue  ma¬ 
terial,  routine  testing,  ami  meteorological  studies.  As 
mobility  should  not.  In*  confined  to  an*as  traversable 
by  wheeled  vehicles  it  dis*s  not  seem  wist*  to  tie  the 
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lahiratory  to  any  one  typo  of  transportation,  la*  it 
vehicle,  hint,  or  piano.  Then*  an*  too  many  situations 
wliero  any  onr  typo  of  transportation  may  lio  inade¬ 
quate.  Tlioroforo,  if  a  mobile  lahiratory  is  dcsirod,  it 
would  ap|*'ur  that  the  h*#t  solution  Is  to  develop  tho 
lahiratory  around  a  sorios  of  portable  kits,  earli  de¬ 
signed  for  a  specific  task.  Tluis  for  any  one  typo  i>f 
mission  certain  kitsetsdd  Is*  selected,  depending  upon 
the  task  at  h4  id.  A  mobile  lahiratory  assembled  upon 
the  at s i vo  principles  would  consist  of  a  series  of  kits, 
each  sorios  designed  for  a  specific  task  (for  example, 
tho  identification  of  recognized  chemical  warfare 
agents),  and  each  series  of  kits  composed  of  com* 
ponent  kits  of  varying  portability  and  scope.  Thus, 
depending  upon  tho  situation,  a  kit  could  lie  selected 
that  would  Is*  of  maximum  utility  consistent  with 
tho  site  and  circumstances  of  its  intended  operation, 
ls*aring  in  mind  that  extent  and  reliability  of  opera¬ 
tion  will  decrense  with  the  site  of  the  kit. 

Tho  so-called  M-3  mobile  Inhirntnry  ’*  of  the 
Chemical  Warfare  Service  was  probably  the  closest 
appronch  to  the  ahive  tyjs*  of  laboratory  unit  at¬ 
tained  during  the  war  hit  it  was  not  possible  to  as¬ 
semble  a  particularly  satisfactory  unit,  principally 
liecause  of  tlie  lack  of  time.  However,  some  of  the 
kits  contained  in  the  M*3  lahirntory  are  very  useful 
and  it  is  suggested  that  a  satisfactory  mobile  unit 
cisild  Ik*  assembled  if  advantage  were  taken  of  the 
kits  developed,  not  only  in  tills  country  hit  also 
abroad.  In  the  following  section  a  numlier  of  kits 
designed  for  tin*  identification  of  recognized  cliemicai 
warfare  agents  an*  describ'd.  Consideration  is  also 
given  to  met h< sis  of  identification  capable  of  living 
developed  into  self-contained  kits  even  thsigh  the 
actual  kit  may  not  have  l*een  constructed  or  de¬ 
scrib'd. 

35.1.1  Kits  Developed  for  Identification 
of  Recognized  (iltcmical  Warfare  Agents 
HrHixh  War  Can  Trying  Cane,  The  War f  las  T«*st- 
ing  Case  *  4*  was  designed  to  provide  a  compact  anil 
portable  set  of  apparatus  and  reagents  for  the  identi¬ 
fication  of  the  recognized  chemical  wnrhu*  agents. 
With  its  aid  it  is  (Missible  to  determine,  with  a  con¬ 
siderable  ilegtve  of  certainty.  the  identity  of  man}4 
of  th4  eoninmn  war  gases,  and  in  those  eases  when* 
exaet  identification  is  not.  (Missible,  much  valuable 
information  can  h*  obtained.  The  instnictions  pro* 
vkled  an*  intended  as  a  guide  to  the  use  of  the  ease 
and  its  potentialities;  they  an*  not  intended  to  dc- 
arrih*  a  rigorous  routine  ot  ti*sting  and  do  not  fully 


exhaust  the  possibilities;  individual  judgment  and 
particular  ciroumstanccs  are  rolied  upon  to  determine 
the  exaet  procedure  and  deduction*  mrnle.  In  gcncml 
tlie  equipment  contained  in  the  east's  provides  for 
identification  by  means  of  mictions  in  solutions,  such 
as  formation  of  a  precipitate,  color,  etc.,  or  by  mic¬ 
tions  with  papers  containing  appropriate  reagents. 
The  kit  contains  many  attractive  features  and  is  of 
surprising  applicability  considering  its  size. 

rH\S'  Chemical  Affenl  Analyter,  E-tO.  TIk*  collec¬ 
tion  of  chemical  wnrfarc  agents  on  plain  or  impreg¬ 
nated  silica  gei  anti  Kul>Hct|Ucnt  identification  til  the 
collected  agents  by  means  til  color  mictions  with  or 
without  the  addititm  of  supplementary*  reagents  was 
studied  extensively  in  this  country  by  hith  the 
('Itemirii!  Warfare  Service  and  the  National  Defense 
Hesearrh  Committee.  the  of  the  first  schemes  de¬ 
veloped  was  designed  to  provide  tor  tlie  identification 
of  32  selected  compounds,  which  inrludcd  all  of  the 
more  important  recognized  cliemicai  warfare  agents 
except  smokes,  after  rollcetion  of  the  sample  oil  plain 
silka  gi*l  t lilies.114  This  scheme  was  sulisrqocntly 
adapted  for  use  in  a  kit  designed  by  (-WS  and 
designated  as  Chemical  Agent  Analyzer,  K-IO.41  This 
kit  rontnined  sufficient  equipment  and  reagents  to 
provide  for  tlie  identification  of  mustard  gas,  tin* 
nitrogen  mustards,  arsenirals,  phosgene,  cyanogen 
chloride,  hydrogen  cyanide,  chloropierin,  plicitueyl 
chloride,  and  bmmolieniyl  cyanide  by  means  of  Im¬ 
pregnated  silica  gel  fillies  or  papers,  and  for  the 
identification  of  some  20  less  common,  recognized 
agents  through  the  use  of  either  plain  or  iniprognatwl 
silira  gel  tulies  and  supplementary4  reagents.  The 
selteme  provided  for  the  identification  of  ahnit  32 
toxics,  hith  [M*rsistent  mid  iion|M*rsistcnt,  and  the 
procedures  were  orgmiized  in  the  form  of  a  series  of 
definite  directions  to  facilitate  identification  of  tlie 
agent.  The  effects  of  mixturo*  on  tlie  scheme  wen* 
studied,  ns  were  the  effects  of  some  sen*ening  stnokes 
and  of  high  humidity;  all  were  found  to  pn*s(*iit  seri¬ 
ous  interference  under  certain  conditions.  Kaeli  test 
was  studied  mth’r  critically,  and  the  sensitivity, 
length  of  time  after  exposure  which  will  still  allow 
detection,  and  (Mmsihlc  interfering  sulistances  wen* 
determined.  Because  of  the  (Missible  value  of  a  quick, 
simplified  scheme,  a  system  was  devised  which  needs 
•ally  throe  exposed  tnh*s.  This  simplified  scheme  in¬ 
cluded  most  of  the  important  toxics  and  allowed 
tlieir  assignment  to  one  of  several  classes,  but-  it  did 
not  nllow  for  complete  identification. 

A  numh*rof  new  tests  wen*  included  in  the  scheme, 
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among  them  the  DD-3-1  and  the  selcniotts  acid  text 
f«ir  tin*  nitrogen  mustards.  The  former  depends  on  the 
fact  that  thionyl  chloride  inhibits  the  DB-3-KKI8  text 
with  tM'nrly  everything  except  the  nitrogen  mustards. 
The  DAS  test  for  eldoropierin  is  als<i  new  and  con¬ 
sist*  of  decom|>o.-dng  the  sample  with  sulfurie  acid 
containing  Imrium  diplienylnmine  sulfonate.  Xitrosyl 
chloride,  which  is  form***!  from  eldoropierin,  oxidises 
the  reagent  to  a  blue  purple.  Other  new  tests  include 
the  test  for  hydrogen  cyanide  and  cyanogen  chloride, 
a  test  for  nitrites  and  KH-Mi  using  sulfanilamide  and 
N-fl-napthyll-ethylenisliamine,  a  hydroxamic  acid 
test  for  methyl  tluorooeetatc,  tests  for  phosphate  and 
fluoride  ion  after  decomposition  of  fluorophosphntes 
on  tls-  gel  by  hot  nitric  acid,  and  tests  for  lachry- 
mators  using  2,4-dinitrochlorol>cnarnc  or  l.tV-di- 
ehloro-l,3-riiiiitrols'n*enr.  The  K- 10  kit  and  its 
system  of  identification  of  reeogniteri  ehemind  war¬ 
fare  agents  jmsscssos  considerable  merit  and  is 
generally  satisfactory  for  the  tentative  identification 
of  agents  present  in  the  atmosphere.  In  view  of  the 
possibility  of  anomalous  liehavior  of  certain  of  the 
tests  under  certain  situations,  it  is  clear  that  informa¬ 
tion  obtained  through  the  use  of  the  kit  should  lie 
subject  to  confirmation  by  unambiguous  methods. 
One  disadvantage  of  the  present  kit  is  that  its  ap¬ 
plicability  in  general  is  limited  to  those  eases  where 
vnjsir  samples  can  Is*  obtained.  Some  consideration 
should  I s>  given  to  the  tentative  identification  of  tl»c 
relatively  nonvolatile  hydrolysis  pnsluets  of  certain 
of  the  more  common,  recognised  chemical  warfare 
agents. 

Smoke  hlen tifieolion  Nil.  A  scheme  and  kit  for  tls* 
detection  and  identification  of  materials  which  might. 
Is*  eneountert'd  in  smokes  w»s  dcvclo|>cri  **"  ami  15 


units  were  supplied  to  the  Chemical  Warfare  Service. 
The  following  agents  were  considered  in  the  scheme: 
eadmium  chloride,  cadmium  oxide,  plienacyl  chloride, 
diphcnylehlnrarsinc,  diphcnylchlnmcxmc  oxide,  di- 
pltenylcynnoarsinc,  pliettursaxine  chloride,  phenarsa- 
tine  oxide,  phenyldlcltlorarxinc  oxide,  sesi|iiimustard, 
selenium  dioxide,  sulfur,  riein,  phosphoric  anhydride, 
tine  chloride,  and  tine  oxide.  Three  quick  preliminary 
b^ts  were  used  to  determine  the  presence  or  absence 
of  the  toxic  agent*  mentioned,  with  the  exc>ption  of 
riein.  The  detailed  analysis  is  complete  for  many 
mixtures  of  these  agents  and  the  known  eases  of 
interference,  using  the  separations  indicated  in  the 
scheme  of  analysis  are  given  in  the  descriptions  of  the 
tests.  The  preliminary*  tests  require  two  sample's.  Tire 
complete  analysis  de|icnds  upon  the  *r|iaratinn  of  tlie 
agents  by  extraction  and  requires  from  five  to  ten 
tul**s  depending  upon  tlie  site  of  tire  samples.  Tlie 
alstve  kit  appears  to  provide  a  satisfactory  means  for 
the  identification  of  generally  recognis'd  toxic  and 
nontoxic  smokes. 

.’•/ i*crllaneniiK  Detector  Kit*.  Tlie  ('hemical  Agent 
Detector  Kit,  M-9,  the  Navy*  Mark  I  Vapor  Detector 
Kit,  the  Security  Division  Detector  Kit,  the  De¬ 
tector  Paper  Kit,  the  Detector  Kit  For  Blister  (Jasc* 
and  the  Water  Testing  Kit  doserilied  in  ('hapter  31 
are  suitable  for  the  tentative  identification  of  tlie 
more  common  chemical  warfare  agents.  These  kits 
or  their  components,  should  find  application  in  a 
mobile  lalsiratory.  Attention  is  also  called  to  a 
system  of  identification,*  adopted  from  (Scrmnn 
practice,*"  which  is  Istsed  upon  aspiration  of  air 
through  or  over  a  sample  of  contaminated  earth  or 
foliage  and  tiien  through  a  series  of  bubblers  con¬ 
taining  suitable  reagents. 


Chapter  36 

FIELD  SAMPLING  OF  PERSISTENT  CHEMICAL  WARFARE  AGENTS 
UNDER  SUBTROPICAL  AND  TROPICAL  CONDITIONS 

“  By  Vm\  Xirmnnn 
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36.1  INTROIM'OTION 

hiuhto  1013  no  attempt  hadliccn  made  to  study 
the  liehaviur  of  persistent  ehemi»*ftl  warfare 
agents  in  tropieal  or  subtropical  arm  In  contrast, 
considerable  experience  had  l»een  obtained  in  con- 
diietinK  field  trials  with  persistent  chemical  warfare 
agents  in  continental  areas  in  the  tem|temtc  none,  ms 
tahlyat  the  Hufficld  Experimental  Station  in  Allierta.4* 
Vnfortunately  the  topography  at  Snffiehl  was  that  of 
a  typical  semiuriri  prairie  and,  consequently,  sam¬ 
pling  techniques  used  at  that  station,  although  p***» 
sihly  satisfactory  for  the  purposes  of  tin*  station, 
were  so  s|Ns*ialinsl  as  to  lose  all  applicability  to  otlier 
topographical  situations.  Tlte  practice  at  the  giv¬ 
ing  (Sronnil  at  Dtlgwny,  Utah,  was  equally  special- 
iwxl.  Although  the  Port  on  establishment  in  England 
was  a  pioneer  in  the  development  of  field  sampling 
metlns|s,"  j’  investigations  at  this  station  were  on 
such  a  small  scale  that  s|tccialiaed  sampling  tech¬ 
niques  again  np|tenrrd  suitable.  A I  nil  Ihrrrnf  Ihr  nhorr 
hIiiIuwh  Ihr  *ilr*  irrrr  notnhln  re/sisri/  ninl  Ihcrr  irti* 
riwlji  iwcthh  nl  nil  IhnrK  In  all  fHiint *  in  Ihr  MUM/tf/ag 
arm*.  This  highly  spccialiticd  topography  |*>rmittod 
tls'  us*>  *»f  sampling  metlusls  and  devices  that  were 
practically  useless  elsewhere.  Tli**  factors  that  pre¬ 
vented  the  applies ti*'.  of  the  sampling  techniques  *le- 
velop*>d  at  tlw  foregoing  stations  to  tropical  and  sul*- 
tropical  situations  were  topography,  temperature, 
and  humidity. 

In  th*'  years  1013  to  1015,  experimental  stations 
wen*  **stnl«lishcd  in  Florida,  (Jucctielund,  Panama, 
India,  ami  New  thiinea.  Although  alt  of  these  sta¬ 
tions  conducted  extensive  field  trials  with  mustard 
gas,  the  Hustmcll,  Florida,  establishment  was  out¬ 
standing  in  the  development  of  chemical  sampling 
techniques  ol  general  applicability.  Tlte  mctlH*ls  «h'- 
velnjH'd  and  used  at  this  station,  which  relate  pri¬ 
marily  to  th<‘  chemical  sampling  of  mustard  gas 
vapor,  have  Isi'ii  riescrils'd,”  and  much  *»f  th**  in¬ 
formation  contained  in  tiiis  discussion  has  lss>u 
drawn  from  cx|M*riciirc  at  Bushncll  supplemented  by 
ofiscrvatiotis  at  some  *if  the  oilier  stations. 
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Tlte  determination  of  the  total  vapor  dosage  pres- 
ent  over  a  selected  time  interval  at  a  gi  %*en  {mint  in 
the  sampling  area  is  of  paramount  importance  in  the 
field  assessment  of  a  eliemieal  warfare  agi'tit  or  muni¬ 
tion.  The  salient  features  of  this  determination  nre 
discussed  liclow. 

.16.2.1  Igmithn  anil  Distribution  of 
Sampling  Points 

Arm  rrntn*  Unr  Sam/tling.  Tlie  distribution  of 
sampling  points  along  sttn'cssive  immllcl  lint's  which 
art'  normal  to  tlie  metui  wind  direction  was  advocatixl 
and  practiced  by  British  Empire  establishments,  as 
was  a  variation  of  this  pris'edurc  wherein  sampling 
iNiints  were  placetl  along  successive  parallel  ares 
whose  lengths  were  determined  by  tin*  maximum 
untiripated  variation  in  wind  direction.*'-**  15 -M  The 
distutiees  I s> tween  the  paralh'l  lines  or  on’s  wore 
usually  rather  larg**,  in  most  eases  ls>ing  greater  than 
100  yards.  It  np|iniis  that  this  pmctice  was  adopted 
Is'cause  of  the  desire  to  obtain  data  that  could  ls> 
applied  to  a  theory  of  gas  diffusion  that  related 
density  of  contamination  and  meteorological  condi¬ 
tions  to  axial  downwind  dosages.5'  Isitcr  when  work 
was  undertaken  under  conditions  of  low  wind  velocity 
with  concomitant  3tMhd<‘grec  variability  of  wind 
direction,  the  arcs  were  closed  to  form  concentric 
circles  or  the  Sim's  to  form  concentric  squares,  but 
th*'  distance  Is'twccn  any  two  eireh's  or  squares  was 
still  kept  quite  large.  It  is  not  sound  practice  to  is* 
tied  to  any  one  theory  when  collecting  primary  data 
ami  it  was  rceognim'd  at  Bushncll  that  line  sampling 
ill  all  its  variants  was  inadequate.”  In  contra8!  to  line 
sampling,  area  sampling  iniplii>s  sampling  at  points 
dis|MTsed  with  sullicicnt  density  over  an  entire  area, 
so  that  the  pns'iircmcnt  of  representative  simples  is 
insunx*.  Tin*  increased  exfs'nditurr  of  sampling 
<‘qiiipmcnt  is  more  than  compensated  by  t In*  value  of 
the  data  obtained  bv  this  technique.1"  M  It  is  !*•- 
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liovod that'  ami  samplinx  represents  tla*  l**st  unnoml 
pnu*ti(f. 

Distribution  of  Saul/ thrift  Paint*  over  an  Area.  Tito 
distribution  of  scmplinx  points  ovrr  an  area  mi  am  to 
secure  representative  scmplinx  in  profoundly  in- 
flueneed  by  practical  element*.  Hnpply,  lime,  nnd 
nmii|MAv«>r  intimity  determine  tin*  num1**r  of  available 
scmplinx  appliance**  and  in  any  practical  situation 
it  is  necessity  to  decide  to  what  extent  the  density 
of  scmplinx  points  can  lie  reduced  and  still  obtain 
representative  and  reliable  scmplinx  ovrr  as  larjp* 
an  urea,  as  possible.  With  a  sinxlr  isiint  whiWi 
prolmbl.v  thr  most  satisfactory  armnxement  of 
samplinx  points  is  on  a  spider-cycb,  radial-typo  xrid.'1 
Since  the  <h*cn'iisi*  of  dosexo  is  xrimt  with  an  increase 
of  ilistantf  from  tls*  stsircr,  particularly  umlrr  lapse 
conditions,  the  siunplinx  points  shimld  Is*  concen¬ 
trated  ansind  tin*  sHiree  ami  may  then  deemis»>  in 
density  with  incmisinx  distance  from  (lie  s»airce.u  It 
is  clear  that  a  spider*web,  radial-typo  xHil  can  Is* 
useil  only  for  point  sources  statically  generated.  For 
this  reason  a  simple  n*xular  rectanxulnr  xrid  with  a 
arid  interval  of  alsait  211  yards  and  tla>  samplinx 
(taints  di*|to*c*d  on  the  grid  line  intersections  is 
protaibly  tiie  most  xenendly  useful  sampling  arranxe- 
ment,1**4*  provided  to|x>xmphirnl  features  an*  reason- 
ahly  uniform  over  the  eutin*  samplinx  anil.  When* 
time  and  mati|Mi\\ei  an*  not  available  for  tin*  em¬ 
placement  of  larxe  numlsTs  of  samplinx  units  or 
when*  tlie  supply  of  samplinx  units  is  limited,  a 
ntudilicd  n*etnnxnlar  xrid  may  Is*  employe* I  without 
too  xn*at  a  sirrifiee  in  accuracy.1*  Ill  this  latter  ar- 
nuixenient  samplinx  |s>ints  an*  first  dis|>oseri  over  tin* 
entin*  samplinx  an*a  on  the  biters«*etiims  of  a  10-yanl 
interval  xrid  ami  then  ait  additional  s«*t  of  samplinx 
(stints  an*  placed  in  the  anticipated  im)tnct  an*a  on 
the  iiiters4*ctions  of  a  secctnd  tlhyanl  interval  xrid 
which  is  displaced  20  yards  in  Isith  directions  with 
n*fen*nce  to  the  first  xrid.1’  With  this  latter  arrange- 
ment  it  is  ilesirable  to  pnivide  for  a  rt*s*rvo  of  mobile 
samplinx  units  which  can  Is*  place* I  within  10  yanls 
of  the  sourn*  once  it  has  ls*e»  located.'*  These  mobile 
samplinx  units  an*  di*|tos*d  on  a  line  dntwn  from  tin* 
source  throtixh  at  least  one  line  of  fixed  samplinx 
point-.. 

Yirtiral  Distribution  of  Sum  pi  inti  Paint*.  Then*  is 
little  doubt  tlmt  in  practically  all  of  the  field  trials 
conduct  t*d  dtiriux  tla*  pjist  I  years  iusutlicient  tint  a 
wen*  obte.imsl  in  regard  to  the  distribution  of  dosage 
relative  to  the  vertical  component,"1  i.e.,  heixht  aisive 
ground  level.  It  is  tnie  that  tliis  measun*nu*nt  adds 


enorminisly  to  samplinx  difficulties  ami  it  isnot  known 
to  wltat  extent  such  measun*meiitM  should  lie  made, 
It  is  clear  howe\*er  that  limitation  of  samplinx  to  tin* 
arbitrary  12-  and  (UMneh  levels 11  may  not  In*  funda¬ 
mentally  sound  and  St  must  remain  for  fount*  work 
to  determine  to  what  extent,  nt  what  intervals,  and 
under  wluit  conditions  of  toiNtgraphy  and  meteor- 
cilctxy,  samplinx  at  a  numls*r  of  different  heixht s 
would  yield  ilata  of  sueli  value  •"  as  to  justify  the 
oltvimis  inerease  in  samplinx  difficulty. 

Distribution  of  Sanqilinp  1*0(11!*  irith  Hefrrrnrr  to 
Tnimqmphii.  On  level,  uniform  terrain  a  20-yard 
interval,  itftmtxnlar  sunpling  xrid  nr  a  supcriin|Mi*cd 
doubh*  10-yanl  interval,  n*etanxular  samplinx  xrid  is 
Ki'itcrally  satisfactory.1*  However,  if  tin*  terrain  is 
variable  it  is  particularly  important  to  provide  for  a 
X renter  density  of  samplinx  |N>ints  nt  sites  of  irregu¬ 
larity  or  of  speeial  interest.  Thus,  IsiiinriaricslN'twecn 
forests  nml  fields,  openinxs  ill  fon*st  canopies,  change* 
in  density  nml  heixht  of  fon*st  ennoph nn*as  of 
det»M*  undergrowth,  slion*  lines,  sixnilicant  ehanxes  in 
elevation,  narrow  ik*filc*s,  steep  irregular  slo|tcs,  eaves, 
<N*easionat  man-made  stnu*tun*s,  etc*.,  all  n*cpiire 
s|s*eiid  eonsidemtioii  in  n*xanl  to  the*  loent  ion  of  addi¬ 
tional  samplinx  points.  This  diM**issimt  has  lieen  eon- 
lim'd  to  im*xtdarities  in  to|Mtxraphy  such  its  cteeur  in 
uninhnh!ti*d  or  s|Ntrsely  inhabited  areas.  Wlmt  pro- 
enutiiMis  nn*  required  for  neeiiratc*  samplinx  in 
metm|M»litnn  areas  remains  a  matter  for  conjecture, 
very  littk*  reliable  information  is  available.*4*® 

:n».2.2  Duration  of  Samplinx  Periods 

Continual) *  rrr*n*  intermittent  Short-Time  Sam - 
Itlintf.  'Phi*  discussion  is  eonfined  to  practices  pur- 
porting  to  xive  n*tia!ile  information  rexurdinx  the 
mean  vapor  eoneentmtiim  over  a  time  interval  of  tip* 
proximately  4  0  hours.  A  major  difference  in  the 
samplinx  practice  of  Itritish  Kmpin*  ttnd  American 
establishments  was  tic*  preference  of  the  former  for 
intermit  tent  snmplinxaml  of  the  latter  for  continuous 
samplinx.  Then*  can  Is*  110  doubt  that  continuous 
.scmplinx  over  t  hi*  ent  in*  t  ime  interval,  in  t  his  instance* 

I  it  hours,  will  xive  reliable  information  n*K>irditiK 
the  nv*an  concentration  attained  durinx  the  seleeteil 
tins*  interval,  provided,  of  cour.-v,  that  tli«*  j**rform- 
uticc*  of  t  he  stmpliux  device  is  sat  isfactory  t  hniiigliout. 
the*  entire  samplinx  |terind.  As  this  tatter  condition 
can  Is*  satisficsl  within  reasonable*  pmetietd  limits,1 1:1 
the  practice  of  continuous  scmplinx  over  time  inter¬ 
vals  of  4  l»  hours  is  sound  and  pmetietd. 

In  intermittent  samplinx  tls*  practice  involves 
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takitiK  samples  for  periods  of  10  30  minutes  lieginning 
flip  sampling  periisl*  at,  for  instance,  m  time, 
0  +  30  minutes,  0  +  I  hour,  0  +  2  hours,  etc.'*  This 
practice  is  based  u|»on  the  assumption  that  the 
change  of  concentration  with  time  is  continuiHis  and 
regular  and  that  tin*  total  dosage  can  lie  obtained  by 
integration  of  the  concentration  versus  time  curve. 
While  this  practice  may  lie  satisfactory  when  used  on 
open  level  terrain  with  low  ground  cover,  with  a 
wind  velocity  gnutcr  than  ft  mph,  and  the  varinlnlity 
of  wind  direction  small,  it  is  certain  that  under  forest 
conditions  where  the  wind  velocity  is  low,  tlte  wind 
direction  exceedingly  variable,  and  the  distrilmiion 
of  olistructions  irregular,  the  practice  lends  to  serious 
errnr.M'  If  tin*  tcmiin  were  rugged  and  variable  the 
situation  would  lie  far  worse.  Aside  from  the  alsive 
objections  to  intermittent  sampling  os  a  general 
practice  tliere  an*  practical  elements  to  consider.  If 
tin*  sampling  devices  are  not  cnpnlile  of  completely 
automatic  operation  an  extremely  large  numlier  of 
people  is  requited  to  perform  the  necessary  opera¬ 
tions.  Kven  under  iileal  conditions  there  is  an  ap¬ 
preciable  error  intnshiced  in  timing  the  sampling 
pcritsls  at  different  sampling  points,  and,  where 
personnel  are  required  to  wear  protective  clothing, 
operation  liccomcs  more  unsatisfactory  lieeause  of 
augmented  fatigue. 

I’rahinged  Sampling.  In  some  eases  significant 
amounts  of  vapor  may  lie  evolved  from  a  contami¬ 
nated  area  for  a  period  of  several  days.  The  problem 
of  determining  the  total  vapor  dosage  tinder  these 
conditions  deserves  special  consideration.  At  first 
sight  it  wtsild  appear  that  taking  successive  I-  to 
U-biiur  samples  over  the  entire  sampling  area  for  the 
entire  period  would  Ik*  necessary.  While  this  practice 
would  certainly  give  rclntVo  data  it  is  also  extremely 
wasteful  of  man|iowcr  and  would  require  an  enormous 
reserve  of  sampling  accessories.  It  is  not  |**ssiblc  to 
pnwrilie  a  pns'edure  that  will  fit  all  cases;  nil  that 
can  Is*  done  here  is  to  point  out  the  more  important 
considerations.  After  information  has  liecn  obtained 
during  the  first  sampling  periisl*  with  resjicet  to  tlie 
liehavior  of  cornent  ration  with  time  at  certain 
selected  points  in  tlte  sampling  area,  it  has  lieen  found 
ixissihlc  to  predict  with  reasonable  accuracy  the  ex¬ 
tent  to  which  sampling  must  Is*  earth'd  out  during 
succeeding  sampling  peritsls.  In  such  predictions  it 
is  extremely  important  to  take  into  account  anyan- 
tieipmed  variation  in  meteorological  conditions.  For 
example,  if  the  end  of  the  first  sampling  pcriisl  falls 
in  the  early  morning  hours  it  is  quite  possible  that 


vapor  concent  rat  ions  will  lie  very  low  at  the  end  of 
this  4-  or  (i-hour  period  tuid  may  remain  so  until 
shortly  after  sunrise.  However  at  this  time  tlie  vapor 
eoneentmtion  may  rise  rather  abruptly  and  if  this 
possibility  has  I  icon  overlooked  in  deciding  which 
sampling  positions  should  ls>  operated  during  this 
second  sampling  interval,  it  Is  clear  that  considerable 
error  in  overall  total  dosage  Valin's  will  result.  As  a 
similar  effect  may  lie  produred  by  a  light  rain,  it  is 
clear  that  prior  to  the  lieginning  of  a  sampling  |teriisl 
there  must  lie  at  bund  reliable  information  not 
only  with  respect  to  predicted  concentrations  at  the 
lieginning  of  tlie  sampling  perils!  but  also  a  forecast 
for  tlie  next  4-8  hours  of  the  meteorological  factors 
influeneing  tlie  pru|mgntion  of  gas  clouds.  This  in¬ 
formation  includes  pri'scnee  or  alwonee  of  clouds,  fog 
and  rain,  ground  and  uir  temperatures,  and  time  of 
sunrise  and  sunset.  In  practice  it  is  usually  found, 
Imrring  complicating  meteorological  factors,  that,  the 
extent  of  sampling  ran  lie  profoundly  <k>crcnard  after 
tlie  first  or  second  sampling  periods  tuid  confined  for 
the  most-  part  to  impact  areas. 

An  important  effect  arising  from  tlie  prolonged 
sampling  of  an  impure  agent  such  os  I/>vinstcin 
mustard  gas  was  otisrrvrri  at  the  Rushncl!  installa¬ 
tion. 11  In  the  sampling  of  areas  contaminated  with 
Iicvinstein  mustard  it  was  oliservcd  that  some  of  the 
less  s|>ccifir  analytical  methisls  such  ns  the  bromine 
titration,  chlonimine-T  colorimetric  method,  etc., 
although  satisfactory  in  tlie  determination  of  mus¬ 
tard  gas  in  samples  taken  during  the  initial  perils!, 
gave  results  greatly  in  error  when  applied  to  samples 
taken  during  tin*  Inter  sampling  |ieriisls.  Tlie  ex¬ 
planation  of  this  plicnonicnon  lies  in  the  fact  that 
during  the  initial  sampling  pcriisl  the  ratio  of  mole 
fraction  of  mustard  gas  to  mole  fraction  of  interfer¬ 
ing,  li'ss  volatile  impurities  was  large  enough  to  mask 
the  effect  of  the  interfering  sulistanrca.  During  the 
later  sampling  {M'litsls,  In'toiisc  of  the  greater  rate  of 
loss  of  tlie  more  volatile  com|NHient,  the  ratio  ls>eame 
small  enough  to  product*  a  serious  and  profound 
error.  This  effix't  should  serve  to  cmphosiac  the  mssl 
for  evaluation  of  the  spifificity  of  analytical  methisls 
and  instruments  with  resjM’ct  to  all  possible  com¬ 
ponents  at  various  relative  concentrations. 

36.2.1  Nature  of  Sampling  Device 
Then*  is  little  doubt  thutthemost  satisfactory  way 
to  obtain  reliable  information  tegarding  the  mean 
vapor  concentration  prevailing  over  a  selected  time 
interval  at  any  one  sampling  (mint  is  to  provide  for 
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the  aspiration  of  a  Iciur-it  volume  of  air  through  a 
bubbler  charged  with  r  >iitnhk*  almorlient. ami  sulwo* 
qiicnt  determinu'.inn  •>(  the  amount  of  substance  con¬ 
tained  in  the  al^.rhing  liquid.  Am  thin  pnx*cdure 
given  tie*  inti*gmted  eoneent ration  over  tin*  selected 
time  intervai,  it  in  elear  that  this  mctluxl  is  more 
r*;isitive  and  more  aeetirate  than  pnx-cdurvs  whieh 
dejx'nd  ujxin  tin*  one  of  an  instrument  whieh  records 
eoneent  rat  ions  present  at  any  one  time  ax  a  function 
of  time,  followisl  l>y  graphical  integration  of  the 
record.  With  tlx*  bubbler  technique  it  is  possible  to 
obtain  reliable  information  for  dosages  in  excess  of 
10  20  mg  min  m1.  If  an  instrument,  were  to  compete 
in  sensitivity  with  the  bubbler  method,  it  would  have 
to  have  a  sensitivity  significantly  greater  than  0.1  mK 
of  sulistnnrc.  Probably  the  greatest  advantage  of  the 
bubbler  technique  is  its  extreme  simplicity  and  reli¬ 
ability.  Hccnuse  of  this  there  is  little  doubt  that  so- 
ci tiled  total  doxuge  bubbler  sampling  wilt  continue 
always  to  Is*  of  paramount  importance  in  field  work. 
Ill  tin*  following  sections,  the  technique  of  collecting 
so-called  total  dosage  samples  amt  the  precautions 
that  must  Im>  oliscrvcd  in  this  typo  of  sampling  will 
lx*  discussed. 

Loir  rrnom  High  Four  Rote  Sam/iling.  Prior  to  the 
development,  of  mcthtxis  suitable  ftir  tlie  determina¬ 
tion  of  miemgnun  <  plant  it  ies  of  cliemical  warfare 
agents,  the  use  of  mneroannlyticul  met  lexis  required 
tin*  collection  of  rather  large  amounts  of  tlie  sutr- 
stance  to  Is*  determined.  Consequently  the  temleney 
during  this  period  was  to  aspirate  large  quantities  of 
air  at  high  flow  rates  through  the  bubbler  unit.'*  ,,  w 
The  neei'ssity  for  high  How  rate  sampling  was  ac¬ 
centuated  by  the  use  of  short  sampling  periods - 
wltere,  only  by  this  means. •  "ould  sufficient-  sample  Ixi 
cnllceti*d  for  satisfactory  analysis.  It  is  clear  from  tlie 
previous  discussion  that  in  general  continuous  sam¬ 
pling  must  lx*  employed  if  reliable  results  an*  to  lx* 
obtained.  Consequently  this  discussion  is  limited  to 
continuous  sampling  over  jx*riixls  of  I  0  hours.  Kx- 
tensivc  studies  at  Husl»nellHM  and  elsewhere 
have  shown  that  continuous  sampling  at  high  flow- 
rates  cannot  lx*  umx|  under  tropical  and  subtropical 
conditions  even  for  tiux's  as  short  ns  HO  minutes,  With 
the  availability  of  metltixls  suitable  for  the  deter¬ 
mination  of  microgram  quantities  of  sulistaueo  (sec 
Chapter:!")  it  Is'came  clear  flu  t  it  was  not  necessary 
to  collect  large  amounts  of  material  in  onler  that 
accurate  analyses  could  lx  made.  Sims*  the  efficiency 
of  the  bubbler  as  a  colic,  ting  device  decreases  rapidly 
with  increasing  sampling  rate,  it  is  apparent  that  tlx* 


best  sampling  methixl  is  one  in  which  the  How  rate  is 
reduced  to  os  low  a  value  ox  possible  without  reducing 
tlie  reliability  of  the  sulmequent  analysis  of  the  bull* 
litcr  liquid.  Under  subtropical  and  tropical  condit  ions 
it  has  lx*en  found  that  a  flow  rate  of  0.5  Ipm  is  satis¬ 
factory  for  the  sampling  of  muxtard  va|x»r.  For  h*ss 
volatile  com|xmnds,  or  when'  work  is  Ix'ing  done  at. 
lower  tcmjx*mtiires,  it  may  lx*  n<*eexxary  to  sample 
at  slightly  higher  flow  rates;  it  dix*s  not  svm  likely 
that,  rates  in  excess  of  2  Ipm  will  ever  have  to  lx; 
used. 

Dcvrlo/teii  venom  TVmporar//  Som  filing  hmtollatioim. 
At  certain  proving  gnntndx,  notably  at  Dugway, 
Utah,  and  to  some  extent  at  San  Joed,  Panama, 
sampling  ureas  were  develo|X'd  to  the  extent  of  pro* 
viding  power  lines  and  vehicles  access  roads  to  mtuiy 
points  within  the  sampling area.  In  a  desert-  hx-ation 
such  us  that  at.  Dugway,  developed  tnrgct  ureas  are 
useful  provided  that  a  sufficient  numlx*r  of  them  are 
available  so  that  a  reasonable  rotation  scheme  can  In' 
adopted  for  tlteir  use  with  |M*rxistcnt  agents.  How¬ 
ever,  desert  areas  an*  of  limited  interest  and  the  ad¬ 
vantages  and  disadvantages  of  developed  sampling 
installations  in  areas  of  more  varied  to|x>graphy 
should  lx>  considered.  Development  of  target  amis, 
particularly  in  rugged  terrain,  requires  a  large  ex¬ 
penditure  of  funds  and  manpower  and  in  many  cases 
so  alters  the  topography  that  environmental  effects 
an*  oliseurrd.  Furthcrmon',  in  forested  area  defolia¬ 
tion  by  mustard  vapor  Ixs-omes  a  serious  factor.  In 
general  it  appears  to  lie  questionable  whether  the 
effort  expended  in  developing  an  area  is  worth  the 
limitid  use  that  can  lx*  obtained  from  such  an  area. 
The  other  alternative  is  to  restrict  development  to 
the  const  met  ion  of  primitive  access  trails  anil  to 
sample  with  portable  self-contained  equipment..  With 
the  latter  pmetire  alteration  of  the  natural  features 
of  the  area  is  minimised,  a  minimum  of  effort,  need  lx; 
cx|x*mled,  and  wiien  the  area  is  no  longer  usable  lx*- 
cause  of  defoliation  and  death  of  vegetation,  a  move 
can  readily  lx*  made  to  a  new  lix'atiou. 

n*.2.t  I’linip  Units 

To  lx*  useful  for  Held  sampling  a  pumping  unit 
must  provide  for  the  aspiration  of  air  through  u- 
bubbler  at  a  rati*  which  call  lx*  easily  control  list  and 
maintained  constant,  to  within  less  than  5  |x*r  rent. 
In  addition  to  the  maintenance  of  a  constant  flow¬ 
rate  the  pump  unit  should  Is*  portable,  ruggisl,  and 
capable  of  sustained  operation.  A  uumlx*r  of  dif- 
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fcrent  piitnp  units  <if  varying  utility  tin’  dcseril**ri  O.ttt  atm.  Thu  only  disadvantage  of  importance  in 
Ix'low.  t tmt  tlio  rather  high  power  consumption  requires  mi 

('muprcuml  Air  Injrr..ir*.  An  air  injector  type  extensive  storage  I  lottery  charging  set-up  Any 

pump  was  use<i  by  nil  British  Umpire  Stations.  This  sampling  method,  making  use  of  a  critical  orifice, 

pump  which  was  designed  to  operate  at  flow  rates  however,  Involves  considerable  power  consumption, 
of  the  order  of  10  ipm  consisted  of  a  compiled  air  The  high  power  consumption  and  the  need  for  main- 

tank,  reducing  valve,  gauges,  flow  meter,  and  in-  tnining  a  reserve  supply  of  storage  batteries  and  ex- 

jector.  This  tyjK*  of  air  pump  has  few  merits  and  tensive  rt “charging  facilities  does  not  appear  to  Is* 
many  disadvantages.  It  requires  a  heavy  multistage  tisi  great  a  price  to  pay  for  outstanding  reliability, 
compressor  unit  for  recharging,  its  reliability  in  and  it  must  lie  rememls'red  that  one  pump  can  Is* 
operation  is  low,  it.  is  bulky  and  not  particularly  used  to  operate  four  to  eight  bubblers.  If  future  needs 
portable,  it  requires  <*oneidemb!c  servicing,  and  it  is  warrant  the  cx|>enditurc  of  the  effort,  the  design  of 
too  demanding  of  attention  in  the  field.  Misliflcation  the  pump  used  for  critical  orifice  operation  could 
of  the  present  design  *  to  permit  sampling  at  lower  pmliahly  lie  improved  particularly  as  far  as  its  weight 
flow  rates 41  hardly  seems  worth  while  in  view  .if  tlie  and  volume  is  concerned. 

availability  of  more  reliable  pumping  units.  It  should  <  'lumlaut-  DinpUiremrul  Electrically  Ofierolrtl  /’amp. 
lie  emphasised  that,  for  eflieient  amt  economical  A  piston-type  pump  driven  by  n  governor-controlled 
o|M>mtion,  manipulations  it*  the  field  must  Is*  kept  at  constant -speed  motor  was  dcvelopt'd  5  in  an  attempt 
a  minimum  anti  any  device  which  requires  adjust-  to  provide  an  air  pump  of  reliable  performance  and 
ment  in  the  field  docs  not  deserve  serious  con-  having  a  minimal  power  requirement.  Tin*  actual 
sidemtion  particularly  if  it  is  to  ls>  used  in  large  pump  mechanism  consists  of  three  cylinders  radially 
numltcrs.  placed  a! tout  the  crankshaft,  their  axes  lying  in  a 

Eiqucjinl  f in s  Injector*.  The  use  of  a  readily  liqee-  pi.tiie.  The  three  pistons  jut  attached  to  a  single 
fied  gas  such  as  carlsm  dioxide,  pni|mne,  or  Is  Pane  connecting  rod  lietiring  on  the  crankshaft  by  spring 
instead  of  compressed  air  in  the  operation  of  an  in-  bladt*s  which  act  as  connteting  rtsls.  The  cylinder 
jector  type  air  pump  was  investigatctl  am.  a  propane-  Istres  an*  math*  in  disk-sha|>cri  graphite  pieces  which 
o|iemtcd  staitdess  steel  injector  pump  w os  do-  jire  free  Ut  turn  in  eitst  in»n  holders.  As  the  crunk- 
veloped.*  “  Although  this  pump  in  principle  wjjs  shaft  turns  and  the  connecting  spring  blade  is  lient, 
su|s>rior  t<»  the  earlier  developed  compressed  air  in-  the  graphite  cylinder  b|is*k  revolves  slightly  in  its 
jector  pump  it  still  could  not  Is*  considered  tlie  equal  holder  in  ies|Jonse  to  the  fori-es  imposed  by  the  spring, 
of  other  pumping  devices  in  regard  to  reliability  ami  The  motion  of  the  cylinder  block  in  the  holder  shifts 
ease  of  operation.  the  port  in  the  cylinder  hlis'k  Irnck  and  forth  Itctween 

Orijtrv-i 'ant rolled  Electrically  Oitcrnlcil  Pump.  It  is  the  intake  and  exhaust  jxirts  in  the  holder.  Tin*  three 
well-known  that  flow  rates  can  Is*  controlled  within  cylinders  o|K*rate  121)  degrees  out  of  phase  with  one 
fi  |s>r  ccnl  by  means  of  a  critical  orifice,  provided  a  another.  This  arrangement  is  not  only  convenient  in 
pressure  differential  in  excess  of  O.tJo  atm  is  main-  design  but  is  also  diwirahlc  for  the  pnsluetion  of  more 
lained  across  the  orifice.  A  very  satisfju-tory  pump  uniform  flow  when  all  the  cylinders  an*  pumping  on 
was  developed  using  an  electrically  driven  toy  reci|>-  the  same  line.  This  unit  was  developed  too  Into  to 
ns’ating  steam  engine.111  Tlte  pump  finally  developed  permit  extensive  Held  tests  and  It  remains  to  Is*  seen 
had  a  capacity  of  from  2  I  Ipm  at  a  vacuum  greater  whether  this  unit  is  as  capable  of  reliable  perfoi  malice 
than  1 1  inches  of  mercury  and  would  therefore  o|s*r-  as  is  the  orifict'-contmlhxl  tyjs*  of  air  pump.  Until 
ate  four  to  eight  bubblers  at  a  flow  rate  regulated  at  considerable  confidence  can  Is*  placed  in  the  ability 
tl.ft  Ipm  by  critical  orifices.15  Tlie  main  advantages  of  of  the  govcruor-cont rolled  motor  to  maintain  a  con- 
this  typo  of  pump  an*  its  ruggixlness  and  depend-  stunt  speed,  it  might  Is*  necessary  to  provide  a  device 
ability  and  tlie  relatively  small  amount  of  servicing  for  recording  shaft  revolutions, 
requited  for  continuous  ojiemtintt  over  long  |s>ri«sls  Mnpnclimllit  O/imitcil  Pump.  A  iiumls-r  of  mag- 
of  time.  As  the  orifices  remain  attached  to  tlie  uoticully  o|s>rated  pumps  were  investigated  in  at* 
bubbler  units,  o|M'rutinns  in  the  field  are  confined  to  tempts  to  develop  pumps  of  low-  power  requirements, 
turning  tlie  pump  off  and  on  and  determining  at  the  Hubls>r  diaphragm  pumps,  although  used  extensively 
liegiiming  and  end  of  a  sampling  |s*riod  whether  the  at  Sail  .losf-,  either  are  not  sufficiently  reliable  or  an* 
pump  is  capable  of  producing  a  vacuum  in  excess  of  of  limited  capacity.  Probably  the  most  satisfactory 
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magnetically  operated  pump  «lovol«»po<l  wan  one  in 
vvhieli  h  pinion  pump  constructed  from  the  cylinder 
of  ti  toy  steam  engine  was  driven  by  a  magnet  ob« 
t ained  from  «n  electric  (ton*.1  The  pump  and  Isittery 
unit  wciitlx'il  approximately  20  pounds  and  wan 
capable  of  continuous  operation  for  12  hours  alien 
delivering  air  at  1  Ipm  against,  a  head  of  (1  cm  of 
mercury.  Unfortunately  the  reliability  of  operation 
of  this  unit  was  not  nearly  so  great  as  that  obtained 
with  the  orifice-cont rolled  pump.  The  air  flow  with 
the  former  was  constant,  to  within  ±  10  per  rent. 

36.2.5  Bubblers 

Hiibbtrr  Drxiqn.  Careful  study  of  the  factors  re¬ 
sponsible  for  iMibbler  efficiency 4-'*  has  shown  that  for 
flow  rates  of  approximately  0.5  Ipm  or  less,  very 
simple  bubblers  are  satisfactory.  With  increasing 
How  rates  more  attention  has  to  lie  paid  to  bubbler 
design  in  order  that  equilibrium  conditions  may  lie 
established  Is- tween  the  gas  and  liquid  phases.  For 
flow  mil's  of  0.5  Ipm  or  less,  tlie  simplest  type  of 
bubbler 4  W  is  capable  of  satisfactory  performance, 
and  more  complieatnl  d<*signs  serve  only  hi  augment 
the  difficulties  associated  with  chnrging,  discharging, 
and  chiming  the  bubblers.  For  operation  with  flow 
rates  in  excess  of  0.5  Ipm  a  numlier  of  bubbler  designs 
of  varying  merit  have  lieen  suggest  od.M"*',u,,~- 
«•»•»"  «  “  A  considerable  advantage  of  low  flow  rate 
sampling  is  tluit  it  |>ermi»s  the  use  of  an  extremely 
simple  bubbler  which  is  easy  to  manufacture,  service, 
ami  handle  in  large  quantities. 

litiMrr  Liifiiiilx.  Bubbler  liquids  may  lie  of  two 
liasic  types,  that  is,  those  which  do  not  mirl  with 
the  suitstanco  living  alisorlsil  and  those  that  do. 
Diethyl  phthalate  is  iui  exeel'"iit  nonreactivc  solvent 
for  mustard  gas 4  and  has  doeti  used  extensively  in 
field  work. u  Diethyl  phthalate  closely  approximates 
the  ideal  nonreactive  solvent  in  that  its  vafsir  pres¬ 
sure  is  very  low,  minimizing  losses  by  evaporation 
during  prolonged  sampling  periisk  It  is  a  very  pisir 
solvent  for  water  and  thereby  cun  ls>  used  under 
conditions  when*  the  water  concentration  in  tlie  at¬ 
mosphere  is  high.  If  a  nonreactive  solvent  is  used,  and 
the  vtqsir  pressure  of  the  solvent  and  solute,  the 
ambient  tem|s>rature,  the  volume  of  solvent,  and  tlie 
volume  ot  air  passed  through  I  lie  huhhicr  are  known, 
an  accurate  prediction  can  Is1  miule  of  tlie  efficiency 
of  the  bubbler  unit.'  Thus,  instead  of  relying  iqsm 
empirical  correction  factors  which  may  relate  to 
ratlicr  specific  situations,  one  can  with  <'on4:  l-nce 
predict  tb"  performance  of  the  bubbler  unit  under  a 
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variety  of  ninditions.  For  general  application  it  i< 
important  that  a  solvent  lie  selected  that  not  only 
will  permit  the  efficient  eolk’ction  of  the  sample  but 
also  will  not  introduce  any  complications  in  sulise- 
qiient  analytical  procedures  that  may  Is*  used  for  de¬ 
termining  the  amount  of  sulistanec  present  in  the 
solvent.4 

A  reactive  solvent  has  obvious  advantages  pro¬ 
vided  the  rate  of  reaction  lietwcen  solvent  and  solute 
is  rapid  and  the  solubility  of  solute  in  the  solvent  is 
high.  Unfortunately  a  reactive  solvent  satisfying  the 
ttlsive  conditions  has  not  tiecn  found  for  mustard  gas. 
Aqueous  acetic  acid  mixtures,  notably  50  per  cent, 
acetic  acid,  has  lieen  used  extensively  for  the  collec¬ 
tion  of  mustard  ga*.o"».i*.i».i4.i*.».«.ie  Fifty  per  cent 
acetic  acid  suffers  from  tlie  disadvantage  that  its 
composition  is  altered  by  aspirating  air  through  the 
bubbler  tutd,  although  50  per  cent  acetic  acid  is  a  fair 
solvent  for  mustard  gas,  the  solubility  ikHweascs 
rather  rapidly  with  decreasing  concentration  of 
acetic  acid.  Furthermore  it  is  very  difficult  to  predict 
wit!,  a  reasonable  degree  of  accuracy  the  efficiency  of 
a  bubbler  charged  with  50  percent  acetic  acid  Isiiiuse 
of  the  change  in  composition  of  the  solvent  with  time 
and  the  rather  slow  rate  of  reaction  of  mustard  with 
aqueous  acetic  acid.4  However  the  efficiency  of  a 
bubbler-solvent,  combinntion  can  Is*  determined  ac¬ 
curately  by  experiment  for  a  particular  set  of  condi¬ 
tions.  it  is  imimrtnnt  that  in  practice  50  per  rent 
arctic  acid  can  Is*  used  as  a  solvent  to  collect  mustard 
gas  provided  a  sampling  flow  rate  of  0.5  Ipm  or  less  is 
used  for  sampling  periisls  not  exceeding  I  hours.4-1* 
With  higher  flow  rates  serious  difficulties  an1  en- 
c(Mintenil,4  "!,  l,  l,  M',*-4:  M  and  in  genera!  no  adequate 
solution  of  the  difficulties  has  I  si'll  presented.  In  this 
connection  it  has  lsi>n  found  4-'*  that  should  sampling 
of  mustard  vti|sir  have  to  Is*  done  for  |N'riisls  excml- 
ing  I  hours  or  at  a  flow  rati*  excmling  0.5  Ipm, 
diethyl  phthalate  will  probably  always  prove  to  Is*  a 
more  efficient  alisorls'tit  than  50  |st  pent  acetic 
acid. 

Sttfiil  A'lxorbrnlx.  The  replacement  of  the  liquid 
bubbler  unit  by  a  solid  adsorls*nt  presents  attractive 
|sissibi!ities.  The  idea  is  not  a  new  one  sinn*  it  was 
used  in  the  js'riisi  following  World  War  l.,T  It  has 
lsi*n  found  that,  adsorlsmts  such  as  silica  gel  cannot 
Is*  uml  generally  1 11  Isiiiuse  of  the  adverse  effii'ts 
of  water  va|Mr  on  the  efficiency  of  adsorption.  It  is 
true  that  charcoal  is  an  excellent  adsorls'iit  for 
mustard  gas 4  r>  but  elut  ion  ol  the  hydrolysis  pnslucts 
is  difficult  and  incomplete.1  51  Until  an  adsorls'iit  can 
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Ik*  fraind  that  wilt  permit  the  quantitative  adsorption 
of  mustard  gas  and  aulmrquent  quantitative  elution 
of  the  hydrolysis  products,  it  <|oes  not  seem  wise  to 
consider  replacement  of  liquid  huhhlcr  systems  by 
solid  mlsorlients. 

.16.2.6  Miscellaneous 

In  the  preceding  paragraphs  attention  has  Imho 
called  to  tlic  more  important  features  of  so-entled 
total  dosage  sampling.  Space  does  not  permit  giving 
an  account  of  the  detailed  operations;  this  seems 
hardly  to  Is1  necessary  in  view  of  the  fact  that  an 
excelliot  account  has  already  Imho  published.'*  How¬ 
ever  it  does  seem  worth  while  to  call  attention  to 
several  special  practices  of  interest  to  the  giocrai 
problem  of  determining  vapor  dosages. 

Smurfing  of  Multicomponent  SyMennt.  During  the 
course  of  field  work  it  was  desired  to  sample  and  de¬ 
termine  mustard  gas  in  the  presence  of  chlorine  aris¬ 
ing  from  blenching  powder  placed  on  contaminated 
antis.  Since  information  was  not  required  in  regard 
to  ronrrntmtions  of  chlorine,  the  simplest,  solution 
was  to  provide  the  bubbler  with  a  suitable  filter  that 
would  allow  the  quantitative  passage  of  mustonl  gas 
and  provide  for  the  quantitative  removal  of  chlorine. 
Two  such  filters  —  one  containing  pumice  granules 
impregnated  with  sralium  thiosulfate 51  and  the  other 
pumice  granules  impregnated  with  a  mixture  of  lead 
acetate  and  carlsinate  **  -  have  Is-cn  descrilicd.  Tl»e 
sampling  of  multicom|Minent  systems  where  informa¬ 
tion  must  Is*  obtained  in  regard  to  all  components  is 
usually  quite  difficult  and  is  possible  only  in  those 
cases  where  suitable  analytical  mctlnsls  are  avail¬ 
able  for  determining  the  individual  ronqmner.ta  or 
their  reaction  prtshie'-  in  the  presence  of  each 
other.*" 

Smurfing  of  ('tomtit  Containing  Airborne  Dmrfetr. 
With  certain  munitions  it  is  necessary  to  consider 
the  sampling  of  mustard  gas  present  k»th  as  a  vapor 
and  a  fog.  In  view  of  the  fact  that  the  droplets 
present  in  a  fog  may  pass  through  a  bubbler**  **  and 
esca|M>  nltsorption,  it  may  In'  necessary  to  place  a 
filter  on  the  bubbler  intake  that  will  permit  tin’ 
deposition  of  the  droplets  on  the  surface  of  tlje  filter 
and  then  allow  subsequent  evaporation  of  the  dro|»- 
lets  into  the  bubbler.  Several  sat isf acton’  filter  de¬ 
vice  have  Iss'U  ileserilird.**'**’**  Impingers,  although 
usetul  in  certain  instance*, **•**•**■*•  have  not  found 
extensive  use  in  the  sampling  of  mustard  particulates 
and  little  is  known  regarding  the  reliability  of  the 
technique. 


36.3  DKTKIt  Ml  NATION 

OF  CONCKNTK.ATION  VKKSUS 
TIMK  KF.I.ATIONSIIII’S 

Instruments  suitable  for  the  determination  of  the 
relation  IsUween  concentration  and  time  art*  de- 
scrilMxl  in  Chapter  38.  The  method  of  using  these 
instruments  in  field  work  has  lieen  dcscrils'd  in 
considerable  detail.” 


.16. t  DKTKKAI I  N  ATION 

OF  FATKNT  AND  UKCKKK 
OF  Mil'll)  CONTAMINATION 

The  extent  and  degree  of  initial  liquid  contamina¬ 
tion  can  l*o  determined  by  adding  an  easily  determi¬ 
nable  chamrteriacr  to  the  munition  charging.**  **  The 
most  important  clumtctcriscrs  used  have  Ixen  dyes, 
although  in  some  coses  other  sulMtances  have  Imhui 
••sed.'*  The  extent  and  digrec 

of  initial  contamination  can  then  lie  determined  by 
visual  insfHX’tion  of  the  terrain  with  or  without  the 
aid  of  enameled  plates,  jump  cards,  or  filter  paper 
jissemblies.'*  '»  **  ***••**  *»  **•**  **  «  For  reasonably 
exact  work  it  is  obvious  that  determination  of  the 
amount  of  chamctcriacr  on  the  collecting  devirc  by 
colorimetric  means  is  necessury.  In  some  cost's  it 
may  Im<  necessary  to  determine  the  drop  spectrum  tin 
the  collecting  device.  Hints'  tlte  distribution  of  col¬ 
lecting  tie  vices  in  such  a  way  ns  to  insure  representa¬ 
tive  sampling  may  Im«  difficult  or  impossible,  turf  or 
foliage  samples  may  ls>  taken  and  the  amount  of 
chnmcteriaer  contained  therein  determined.  The 
principle  disadvantage  of  the  use  of  chnmcteriiera  is 
that  it  give's  information  only  in  regard  to  initial 
contamination,  or,  in  cases  where  liquid  droplets 
have  to  traverse  considerable  distances,  It  gives  in¬ 
formal  ioi'  mily  in  regard  to  the  situation  at  tls'  point 
of  droplet  formation  and  not  at  point  of  deposition. 
For  this  rrason  it  is  preferable  to  use  methisls  which 
involve  actual  determination  of  the  siil*staii<H>  Is'iug 
studied.  Methrais  for  the  determination  of  liquid 
mustard  contamination  by  actually  determining  the 
mustard  present  have  Iss'ii  dcecrila■d.,,•,7 


36.3  MISCKUANKOIS  MKTIKlDS 

Attention  is  called  to  the  bioassay  of  mustard  gas 
by  means  of  physiological  changes  in  the  e>es  of 
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rabbits. wu  Although  this  method  is  not  precise,  it 
sentsi  s  valuable  function  in  calling  attention  to  the 
prawilrility  of  gmra  error  in  ehemicnl  sampling  pro* 
••educe. 


The  determination  of- the  site  of  bomb-bunt  or  the 
height  of  burst  is  of  considerable  importance  in  field 
work.  An  instrument  was  developed 1  to  facilitate 
these  operations. 


( Jiapter  3 « 

QUANTITATIVE  DETERMINATION  OF  (CERTAIN  CHEMICAL 

WARFARE  AGENTS 


!lv  Carl } 

nr.  i  iNTHoonmoN 

1x  tiib  coihsk  of  the  war  it  liemme  n<*<'essury  to 
tin vo  at  Itaiul  reliable  metlusls  for  tin*  quantitative 
determination  of  certain  ohomioa!  warfare  agents.  To 
satisfy  thin  rux*d  intensive  studies  were  undertaken 
not  only  to  determine  the  reliability  and  usefulness 
of  existing  metlusls  *•**•*  14  but  also  to  develop  iiew 
and  more  sensitive  ones. 

.17.2  DKTKK  M I N  \TION  OF  M  l!ST  \H  I)  C  \S 

Tlie  importance  of  mustard  gas  as  a  ehemieal  war¬ 
fare  agent  led  to  extensive  studies  on  the  quantitative 
determination  of  this  sulwtanee.  Tlte  advantages  and 
disadvantages  of  the  various  methods  studied  or  de- 
velo|iod  are  discussed  Mow. 

If  rami  nr  Titration.  Mustard  gas,  thiodiglvoo),  or 
in  fact  any  simple  organic  sulfide  ran  Ik*  determined 
by  titration  wit  h  an  aque  mis  solution  of  bromine  using 
methyl  red  as  an  indicator.'  The  titration  defends 
upon  the  rapid  hmminu‘ion  of  the  sulfide  to  form  the 
dibmmidc  which  suliscqucntty  hydrolyzes  to  the 
sulfoxide.  After  all  the  sulfide  has  lK*en  transformed 
into  the  dibromide  or  sulfoxide,  the  next  added  incre¬ 
ment-  of  bromine  oxidizes  the  indicator  to  a  colorless 
compound.  Tliis  mcthtsl  has  seen  extensive  use  lu>th 
in  this  country  and  abroad  n.*i.«s.n.r»  and  provided 
that  its  limitations  are  recognized  has  much  to  com¬ 
mend  it.  The  metlur.  is  applicable  to  the  analysis  of 
solutions  of  mustard  or  thimliglveol  in  water,  dilute 
sulfuric  or  hydrochloric  acid,  and  aqueous  acetic 
acid.' It  is  simple,  rapid,  and  sensitive,  and 
in  the  hands  of  an  ex|s*rienn*d  analyst  it  gives  reliable 
results.  Itsprincipa!  disadvantage  is  its  lack  of  s|ieci- 
ficit-y  "•*'•**  and  in  practice  its  use  slxsild  Is*  limited  to 
those  inxtunn*s  wltere  it  is  certain  that  no  interfering 
sulwtances  will  !*•  present  in  significant  ammint.  Hie 
instability  of  the  reagent  makes  ncces>ary  frequent 
standardiziition.  However,  in  practice  wliere  a  large 
numls>r  of  detenuinations  an*  involved,  tlu*  need  of 
frequent  standardixation  was  not  found  to  Is*  a 
burden." 

Illtlhirhlorilr  Titnition.  Mustard  gas  can  Is*  deter* 
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mined  by  titmtiou  with  standani  stslium  hyimchlo- 
rite  solution  using  methyl  mi  as  an  indicator.4  Tlu* 
accunuy  and  sensitivity  of  this  method  is  comparable 
to  that  of  the  bromine  titration  <utd  the  reagent,  is 
somewhat  mon*  stable.  However,  it  also  suffers  from 
a  lack  of  s|H*eificity  anil  its  advantages  over  the 
bromine  titration  an*  questionable. 

f  hlomminr-T  Titration».  All  aqueous  solution  of 
ehlommine-T  may  Ik*  used  to  titrate  mustard  or 
thiiHliglyeol  either  ill  the  pn*senee  or  alss'iice  of 
bromide  ion.  Methyl  ml  is  used  as  an  indicator.14  in 
tin*  presence  of  bromide  ion  the  ehloramine-T  mcn*ly 
serves  to  oxidize  bromide  ion  to  bnmiinc,  which  then 
mtets  with  the  sulfur  atom  as  dcserilicd  iiImivc.  in 
the  absence  of  bromide  ion  the  reaction  takes  a 
different  course  and  twice  the  amount  of  ehluramine-T 
is  consumed.  Apparently  chlorination  of  a  curium 
atom  iKTiirs.  These  metlusls  were  studied  in  the  !io|k>^  ' 
that  dilute  aqueous  solutions  of  ehloramine-T  would 
Ik*  stable;  however,  this  was  not  found  to  Ik*  true. 

l)irhlornminr-T  Titration.  Mustard  dissolvisl  ill 
cyclohexam*  or  purified  kerosene  may  Ik*  ik*terinim*il 
by  adding  a  known  quantity  of  dicldoramine-T  and 
titrating  the  excess  dichlorumine-T  with  thiosulfate 
after  the  addition  of  iiMliile  and  arctic  arid.5*"  A  varia¬ 
tion  of  this  mrthtxl  dependent  upon  the  sensitising 
action  of  nuistuni  on  the  reaction  lK*tw«>en  dichlora- 
minc-T  and  cyclohexanol  has  also  lK*en  dcsrriiH>d.i,,,,',■ 
Tliese  metlusls,  although  useful  in  certain  cases,  hu'k 
the  simplicity  of  more  direct  metlusls  and  for  that- 
reason  wen*  not  genendly  Used. 

('hloraniinr-T-o-Toliilinr  ('alarhndric.  MrJhirl.  In 
this  mctluxl  mustard  gas  or  thusliglyeol  dissolved  in 
aqueous  acetic  acid  is  allowed  to  react  with  a  known 
excess  of  chloraminc-T  and  the  excess  migent  esti- 
rnuted  colorimetrienlly  .*•.«».«  through  the  iisi* 

of o-tolidiuc.  The  mislificution  of  this  method  do- 
scrils*d  by  the  California  Institute  of  Teehnol«>gy 
group  '*  is  prolmldv  the  most  reliable.  This  method  in 
its  most  desirable  form  can  Is*  used  to  estimate 
must  anl  gas  concent  rat  ions  over  the  range  of  ft  HtOgg 
of  mustard  gas  per  milliliter  of  aqueous  acetic  acid 
and  when*  the  iu*elie  acid  concentration  varies  from 
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3ft'  SO  volume'  per  ex*nt .  Tlw*  methesl  •*  in  reliable  un<  I 
sensitive,  hut  it m  sjaxdficity  is  low,  leeing  seemcwhnt 
ceempnmbk*  to  that  of  the  bromine  tit  ration.  Heenuse 
this  latter  methesl  in  particularly  rapid,  the  nelvun- 
times  offeree!  by  the  eliloramine*-T  o-teelidinc  methesl 
are*  ejue'stionable*. 

lotlniilntiiittlr  <  'oloriinrtric  Methml.  M  us  tan  I  gas  or 
thhsliglyexel  in  aepieous  arctic  acid  solution  reacts 
with  ioeinplatinatc  to  form  [((1t!IM,ll1)<S]!I,t|.  anel 
iesline.*"  The  original  met  lies! 47  baseel  u|seu  tlH*nlseve 
miction  calk'd  for  the*  addition  of  stan'li  to  the  mic¬ 
tion  mixture*  pn*sunmbly  to  take  advantage  of  the 
stande  iesline*  color.  It  shoukl  lee  neetexl  that  the* 
ieskiptatinate*  ion  5  •  reehenxl  anel  in  the  pn*se*ne*e  e»f 
mustanl  (tax  aim  .ire*h  otic  is  reenfneiitex!  with  a 
diminution  of  color  elite  tee  a  ele*cn*ase*  in  exenrentm- 
tieui  of  iishiplatinate*  ion  anel  an  increase*  in  e*olor  elue 
to  the  format  ion  of  the  standi  iesline  complex.  Se*veral 
attempts  *7-7*  to  improve*  the  eeriginul  medhesl  wen* 
not  particularly  suee*essfu!  see  king  as  starch  was  aekleel 
tee  the*  nwtieen  mixtun*.  Ileewever,  if  standi  was 
omittexl  anel  the  me-thesl  1  sixes  I  upeen  tla*  elecn*ase  in 
coker  elue  tee  a  dex*rt*ase  in  the  cemcentratieen  eef  ieslee- 
platinate  ieen,  satisfactory  results  wen*  obtainexl."17- 
ai.sv.7i  th  'p},,.  modified  ieskeplatinate  pnsxxlun* ,71t- 
71 7,1  give's  n*snlts  which  an*  <*s|**eially  ndiable*  whets 
solutions  cemtaiu  nuslerate  amounts  of  mustanl  gas 
or  thiesliglycol;  it  is  sensitive  anil  reasonably  s|s*- 
eifit*.  "•*'•**  In  those  case’s  where  it  is  necessary  to 
analyai*  ut|Uexeu*  ties* tie  aciel  solutions  of  mustanl 
gas  eer  thiesliglycol  anel  whe*n*  interfering  sulestamx** 
an*  sus|sxdexl  the  meslifie*e|  ieskiptatinate  medhesl ,7  *' 
can  Is*  nxxemmcndixl. 

/S-.Vo/e/M  Turhiitiinetrir  Mrthtrt.  This  medhesl  47  74 
which  ric|x*nelx  u|sm  the  miction  eef  iui  edltaneelic 
solution  eef  mustanl  gas-'.’ith  an  alkaline  solutieen  of 
(S-naptheel  anel  sules»'e|U«*nt  estimatieie  eef  the  turbielity 
pnsluexxl  ley  the*  mustanl  gas  0-nupthol  exindctiantiien 
pnslue't,  altheeugh  n*use enable  spexdtie,  is  of  limitexl 
applicability,  is  far  tese  insensitive,  and  can  lee  ceen- 
siek*nxl  tee  Is*  of  only  historical  internd. 

I‘nriilinf  t'otoritnrtrir  Mrlhml.  TIm*  ceitii|e*nsatieiu 
pnslue’t  of  mustanl  gns  anel  pyrielinc  is  transfeermexl 
into  a  yelkew  dyestuff  ii|siti  tn*a»ment  with  alkali. 
Aualytii'al  met  lusts 47  leasexl  u|Mitt  this  reaedkat, 
aHhoiigli  s|M*cillc  ami  n*asotmbly  sensitive*,  an*  eef 
limitexl  applicability.*'1  Sitiex*  eetleer  metliesls  of  equal 
or  gn*atcr  s|etx*ilie*itv  anel  se*nsitivity  an*  available,  its 
use  can  not  Is*  n'commenelixl. 

Itli-t  ( ‘oloriinrtric  Mrthirl.  Till*  ekdexdiiHl  of  mils- 
tarel  gets  thnxigh  the*  use  of  the  l-(/Miitnilx*nxyl)- 
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pyrieliiH*  ( Dli-JI)  n*age*nt  has  lsx*n  elescrilsxl  in  ('hop- 
ters  31  anil  3ft.  This  test  which  Is  lettuxl  upon  the 
alkylation  eef  1)11-3  by  mustard  gas  and  the  sulisc- 
quent  formation  of  a  purpk*  elyestufT  was  usixl  as  the 
Isisis  of  a  numlsT  of  colorimetric  metliesls  for  the* 
estimation  of  mustanl  gas.  In  many  of  thc*se  meth- 
esls57  -"•"s*  ««•'*  proper  attention  was  not  given 
to  im|sertant  variables  anel  at  one  time  the  whole 
appnNich  was  in  ilisn*puti>.  However,  e*an*ful  stiuly  '* 
of  tlie  natun*  of  the*  mictions  ami  eef  the*  im|Mirtant 
variabk*s  kxl  to  a  methesl  of  great  iitilit.y.,,’*,  w  The* 
pnsxxlun*  finally  ek*vek>|K*d  •*  involved  the*  use*  of 
sisiium  leendilomti*  in  the  conde*nsation  miction  in 
onk*r  to  augment  the  sensitivity  and  spe*cilie*ity  of 
tin*  medhesl,  and  the  e*lTexd  of  yell,  tem|M*ratnn*,  eon* 
ix*ntnition  eef  mictiuits,  and  interfering  sulestanees 
on  the*  reemlcnsutieen  nwtiun  wen*  tlmneughly  in¬ 
vest  igntcel.  The  ik>vc‘lopment  of  the  eolonxl  dyestuff 
was  also  stmliixl  anil  the  mud  ion  iutcrpndexl  in  terms 
eef  the  weakly  aidilic  (diameter  of  the  miction  pnsluct 
of  l)B-3aml  mustanl  gas.  Heart  ions  eonnexdexl  with 
the  lading  of  tlie  dyestuff  were  stmlkxl  and  it  was 
shown  that  the  principal  efTixd  was  mudion  ol  the* 
elye*stuflf  with  hydnexylic  solvents.  The  methesl  '*  is 
useful  for  estimating  mustanl  gas  eiemx'iit  rat  ions  |e*ss 
thanftUMg  ml  tee  within  alseut  I  gg  and  tee  within  2  gg 
for  a  ninge*  of  eonex'nt  rat  ieen  fnem  ftO  IftO  gg  ml.  In 
pmeditx*  the  mustanl  gas  vapor  is  ceellectixl  in  eliethyl 
phthalate*,  a  relatively  neenvielatik*  seelvent  in  which 
water  is  met  uppnxdaiely  soluble*.  'Hie  ulxtvc  methisl 
is  pnebably  the  unset  s|sxdllc  methesl  feer  mustanl 
gas  currently  available*  "•*'•**  and  has  lsx*n  adoptexl 
feer  use  in  a  numls*r  eef  establishmedits  *,M*'4  with  but 
minor  mesliticatieen.  Its  use  is  xtnengly  nx*iemmi*mle*d 
particularly  in  the*  tnepics  whe*n*  diethyl  phthalate*  is 
far  superior  tee  aquexeus  aex*tic  aedd  for  the  ceellexdieeii 
eef  mustanl  gas  vapor. 

Arffcntiinrlrir  Titration.  The*  Veelhanl  titration  eef 
chheriele  ieen  arising  fnem  the  hydnelysis  eef  nuistanl 
gjis«»er  is  tese  insensitive  tee  warnmt  further  con- 
sidemtiien. 

Mrrnirimrtric  Titration.  The*  me*n'urime>t  ric  titra- 
tiim  eef  ehkeride*  ieen,  arising  fnem  the  hydnelysis  of 
mustanl  gas  using  diphenyl  earbaiione  as  an  iltdi* 
e*ateer  was  iuve**tignted  '"**••** 77  and  it  was  found 
that  medcurimctrir  titration  preevides  a  useful  pro- 
exxlun*  feer  the*  estimatiien  eef  mustard  gas.  Over  a 
e’eenccnt  rut  ieen  ninge*  eef  0  230  gg  of  mustard  gas  |N*r 
milliliter  the*  ceemx*ut  rat  ieen  can  Is*  <lete*rmim*d  to 
within  2  I  gg.  Since*  the'  sensitivity  eef  this  method 
is  met  so  gmit  as  others  eef  e*(|ital  s|Kx*ifiedty,  and  !*•- 
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cause  of  the  considerable  labor  involved  in  car*  Of  the  sixteen  methods  descrilH*d  alsivo,  live  an*  of 


eying  (Hit  n  large  numlicr  of  estimations  in  thin 
way,  the  mereurimetrie  titration  ho*  not  ls*en  used 
extt*nsivoly. 

)bX ilniltnisiil  Hromide  <  'atari metric  Met  hail.  Thin 
method  M  InimxI  u|>on  the  condensation  of  p-nitm- 
Iswcyt  bromide  with  mustard  gas  and  sulmequcnt 
treatment  of  the  condensation  product  with  sodium 
cthoxide  to  form  dyestuff  is  too  involved  to  warrant 
further  consideration. 

UiM  ('hloriilc  Hemidine  Calorimetric  Method.  In 
this  method  **  advantage  is  taken  of  the  reaction  Ih*- 
tween  gold  chloride  and  mustard  gas  to  give  a  com* 
plex  soluble  in  lienxene  or  monochlorolienBonc.  The 
solution  of  the  complex  is  treated  with  Ismiiriinc 
to  give  a  blue  dyestuff.  Tliere  is  not  sufficient  infor¬ 
mation  available  to  comment  on  the  advantages  or 
disadvantages  of  tin's  method  though  its  reported 
accuracy  is  not  great  ( + 10  per  cent). 

Thiomdfate  Titration.  Thiosulfate  ion,  as  well  as 
many  snlfhydryl  compounds,  rencts  with  mustard 
gas  in  aqueous  solution  so  much  more  readily  than 
does  water  that  sulwtitution  occurs  almost  to  the 
complete  exclusion  of  hydrolysis.  In  the  proposed 
method 3  the  sample  containing  mustard  gas  in  a 
water-miscible  solvent  such  as  (Vllosolve  is  added  to 
a  known  quantity  of  stiuidanl  thiosulfate  solution 
(0.01  0.001  .V)  and  after  the  solution  has  lieen  allowed 
to  stand  for  10  minutes,  the  exeess  thiosulfate  is  de¬ 
termined  by  indumetric  tit  nit  ion.  This  met  hod  prove*  I 
to  Is*  of  value  in  certain  investigations5  but  unfor¬ 
tunately  tls'rr  is  little  or  no  information  that  w*Mild 
allow  one  to  comment  upon  its  usefulness  under  more 
varied  conditions. 

lattalr  Thimmlfaic  Til*dion.  In  this  method  u  chlo- 
ride  arising  from  Aim  hydrolysis  of  mustard  gas  is 
estimated  by  an  iodomctric  method  Ixised  upon  the 
metathesis  of  silver  iodate  by  chloride  ion.  Tim 
metlusl,  originally  advocated  **  as  an  accurate 
method  for  the  determination  of  mustard,  is  far  t<*> 
complicated  and  is  surpassed  in  accuracy  and  sensi¬ 
tivity  by  other  metlasls. 

Itromnlr  Hromide  Thimndjoie  Titration.  Mustutd 
gas  in  glacial  acetic  su  id  is  allowed  to  react,  with  a 
known  excess  of  standard  bromate  bromi<lc  solution 
in  the  presence  of  mercuric  bromide  and  sufficient 
sulfuric  acid  to  make  the  solution  0.5.V  itiMtlfurie  acid. 
After  a  suitable  interval  an  excess  of  uslide  is  addl'd 
and  the  lils-rutcd  iisline  titratisl  with  thiosulfate. 
Tliis  met  hod  5111  is  a  modification  of  the  direct  Iwomine 
titration  and  suffers  from  the  same  lack  of  spe  dimity. 


such  limited  applicability  that  they  need  not  lm  txm* 
sidered  furtltei.  These  are,  the  0-tuipthul  turbfdi- 
metric  metlusl,  the  pyridine  colorimetric  metlusl,  the 
urgentimetric  titration,  the  p-nitmlienxyl  bromide 
colorimetric  metluMl  and  the  iodate  thiosulfate  titra¬ 
tion.  The  bromine  titration,  the  hyixmhlurite  titra¬ 
tion,  the  chlommine-T  titration,  the  dirhlomminc-T 
titration,  the  ehlommine-T  o-tolidine  colorimetric 
methisl  and  the  bromate  bromide  thiosulfate  titra¬ 
tion  are  relatively  nonspecific  and  should  Is*  used 
only  in  those  cases  when*  it  is  certain  that  mustanl 
gas  is  the  only  reacting  component.1 Of  the 
metlusls  in  tlr  *.  gmup  the  hnimine  titration  is  the 
simplest  and  in  the  hands  of  an  experiencixl  analyst, 
gives  satisfactory  results.  Of  the  remaining  metlusls, 
the  DIM  colorimetric  metlusl  is  dearly  superior  "• 
,M*  followed  closely  by  the  iodoptatinatc  colori metric 
metlusl.  The  mereurimetrie  titration  has  proved  to 
lie  of  value  in  a  numlier  of  cases,  as  has  the  thiosulfate 
titration. 

The  tiehavior  of  compounds  analagous  to  or  de¬ 
rived  from  mustanl  gas  in  the  mon*  impotent  of 
tliese  metlusls  Iiuh  ls*en  determined  "•*'•**  anu  d  can 
lie  concluded  that  adequate  metlusls  for  the  deter¬ 
mination  of  mustanl  gas  are  at  hand. 

37.9  DKTKR  M I N ATION  OF  NITROGKN 
MUSTARDS 

The  following  methods  were  developed  hr  flu* 
quantitative  determination  of  the  nitrogen  mustards. 

DIM  Calorimetric  Method.  Tin*  DIM  colorimetric 
metlusl  for  the  determination  of  mustanl  gas  '*  can 
Is*  used  withiHit  mislification  for  tlu*  determination 
of  rrfx(0-cldonirthyl)nminc  (11X3)  '*  and  with  I  Hit 
one  minor  misiification  *  forcthvl-6ix(£-chlon*tliyl)- 
amiiu*  (IfXI).  Presumably  the  metlusl  is  equally 
suitable  for  the  estimation  of  metliyl-/u«((J-chlon»- 
ethyl tamine  (IIX2).  The  metlusl  is  sensitive  and 
gives  reliable  results.  (’(Hiccnt  rat  ions  of  IIX3  less 
than  25  gg  ml  can  lie  estimated  with  an  accuracy  of 
0.5  gg  ml  and  concent  rations  IsUwccn  25  and  75 
Mg  ml  with  an  accuracy  of  1.5  mK  ml.  It  is  Mioveri 
that  the  alsive  metlusl  u>l  is  the  most  satisfactory 
one  available  in  that  most  of  the  other  methods  using 
the  DIM  reagent  *»»"**  an*  Imsed  ti|um  in- 
complete  study  of  tlu*  reaction*  involved.  The  use  ot 
HA  I,  to  prevent  fading  of  the  dyes* off 1V  din’s  not  ap¬ 
pear  to  Is*  nect*ssiuy  in  the  recommended  metlusl.1'  " 
Attention  is  cullcil  to  two  metlusls  de|S‘udiog  upon 
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reaction  of  the  nitron'll  mustards  with  l)!W  iinpn'g- 
nated  on  silica  gel,  and  sulisequont  development  and 
extraction  of  the  dyestuff  with  a  basic  organic  solvent 
mixture s4-**  ns  an  interesting  latt  not  very  practical 
minliHcation  of  the  basic  method. 

Mercnrhnrtrie  T  Ural  inn.  A  mislerately  rapid  rou¬ 
tine  method  de|>eiidinjt  upon  an  alkaline  hydrolysis 
of  11X3  and  the  sulisequent  titration  of  the  lilsTatisi 
chloride  ion  with  standard  mercuric  nitrate  solution 
using  diphenyl  carliaxono  ns  an  indicator  has  l*een 
*|os<'ril>cd.,“  In  a  2-ml  sample  in  «iiethyt  phthalate 
t)  2oO  Mg  <>f  HN3  can  In*  estimate*!  to  within  2  I  ag¬ 
in  a  A-tnl  sample  in  0.1  .V  nitric  acid  0  fiOO  a* of  11X3 
can  lie  estimated  to  within  3  .1  Mg-  Although  neitlier 
so  s|*eeific  nor  so  sensitive  as  tin*  Dll-3  colorimet¬ 
ric  nxthod,  t Ih-  tnerrurimetrie  titration  has  proved 

useful/' 

Hose  Titration.  The  titration  of  an  aqinstus  hydrol¬ 
ysate  of  IIX3  with  0.(Kl.r>  A*  sodium  hydroxide  has 
Ins'ii  pm|xisod  as  a  method  for  the  estimation  of  this 
cnmimund/*  The  met  Ik  si  is  tisi  insensitive  for 
gcncrnl  use. 

Ariil  Titration.  Tlie  nitrogen  mustards  dissolve!  in 
glacial  acetie  acid  may  Is*  titrate*)  with  0.01  .V  per¬ 
chloric  acid  in  glacial  acetic  acid  using  either  crystal 
violet  or  hmmocivsol  green  as  an  indicator.1*  Al¬ 
though  not  particularly  sensitive,  this  method  gives 
reliable  results.  Tlie  nmnsity  of  conducting  tin* 
titrations  under  anhydrous  conditions  seriously  limits 
the  usefulness  of  tlie  method/" 

Of  the  uIkivc  methods  the  Dll-3  colorimet ric 
method  is  by  far  the  most  sensitive  and  sjiecific 
and  has  seen  extensive  use  in  field  work/1  The  mer- 
enriinetric  titration  alihougli  less  sensitive  is  «if  gen- 
end  applicability/'  Tlie  I”  •*>  fit  nil  ion  anil  the  acid 
titration  arc  ot  limited  e*1Iity.  Attention  is  «*:i1I<h1  to 
nM'thiHlsdevisc*!  for  the  rout  ini*  specification  analysis 
*if  the  nitrogen  mustards/" M 

ST. I  DKTKIIMIN \TION  OF  OF.KTUN 
MISKMCM.S 

'Hi*'  only  arsenicals  of  i lit* 'rest  s:  •  ••hcmical  warfare 
agi'iits  an*  those  containing  tri|x>sitive  arsenic.  Al¬ 
though  it  is  true  that  much  effort  was  e\|M<ndod  on 
the  development  of  ars*>nical  chcmii’al  wanare  agents, 
not  one  was  found  to  ls>  of  sufficient  promise  to  war¬ 
rant  extensive  field  study.  Consequently  analytical 
investigations  on  this  subject  wen*  not  eomprcltensive 
anil  little  effort  was  expended  in  the  improvement  or 
evaluation  of  existing  methods. ^  •* 
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( lutzril  Mrthirt.  This  method,  originally  advo¬ 
cated  **  for  th«»  determination  *if  lewisite  was  suliee- 
<juent  ly  simplifie*!  by  elimination  of  wet -ashing  as  an 
intermediate  step/* 

bichromate  Titration,  lewisite  or*<thyldichlornrsini' 
may  In*  oxidis'd  with  ilichrotnat*'  in  aqtii'ous  suit  uric 
acid  and  the  ex«*«'ss  diehromute  determined  by  titra¬ 
tion  with  ferrous  ammonium  sulfati'  using  the  barium 
s*dt  of  diphenylamin*1  sulfonic  arid  as  an  indicator/ 

lironiine  Titration.  Arsenicals  such  as  Is'wisite  anti 
ethyldichlorarsine  max  Is*  titrated  with  aqueous  bro¬ 
mine  using  tni'thyl  n*«l  as  tut  indicator 1  lewisite  and 
cthylilichlnrursinc  each  consume  I  mole  of  bromine 
|ter  mole  of  compound. 

// m>ochlorHe  Titration,  lewisite  and  ei  hyldichlor- 
arsine  may  Is*  titrated  with  hy|MN‘ldoriti‘  using 
methyl  red  as  tut  indicator/  Attention  is  called  to 
the  fart  that,  the  t.ri|>nsitivc  arsenicals  consume  only 
I  mole  of  either  bromine  or  hypochlorite  |jer  mole  of 
eoni|M>und,  in  contrast  to  the  Ixdiavior  of  mustard 
gas  which  consumes  |  mole  of  bromine  and  2  moles 
of  hypochlorite/ 

t'erimrtric  Titration.  Both  ammonium  sulfutoecmte 
and  ix'rehloraturcratc  solutions  xvere  used  in  an  at¬ 
tempt  to  devise  an  analytical  procedure  for  the  de¬ 
termination  of  tri|sisitive  arsenicals/*  ’Hie  indicators 
employ***!  were  methyl  red  and  the  fernais-phenaii- 
thmlinc  complex.  Tlie  form*'r  is  an  irn'versible  itnli- 
cat«»r  while  the  latt*'r  is  reversible.  With  the  combina¬ 
tions  of  ceric  compounds  and  indicators  tried,  the 
det erminat  ions  nl  ways  ga v«*  a  large  |H  wi t  i  v«*  err* »r  an* I , 
in  addition,  the  results  were  not  reproducible.  This 
was  appan'ntly  «lue  t«»  the  oxidation  of  the  organic 
side  chain  in  the  arsenical  lit  a  rat**  t*si  slow  to  result 
in  quantitative  oxidation  and  too  fast,  to  neglect  com¬ 
pletely,  as  pun-  arsenic  trioxide  could  Is1  titrated 
accurately  with  sulfatoeeratc  solution  using  the 
ferrous  phcnanthmlinr  indicator. 

hntometrie  Titration.  Many  arsenicals  can'  Is1  ti¬ 
trated  directly  with  a  standard  itsline  solution  using 
starch  as  an  internal  indicator.-*  However  this  is  not 
true  of  ethyldichlorarsine.  It  is  well  known  that 
aqueous  alkulii'c  solutions  of  certain  amenites  readily 
undergo oxidat ion  on  cx|s»sure  toair,  and  it  ap|s*are*l 
that  this  n •action  might  Is*  minimised  by  projx'r  con¬ 
trol  of  the  /dl  of  tin-  solution  during  titration.  A  /dl 
Is  tween  3  and  ff  must  U'  employed,  since  at  a  /ill 
less  than  the  oxidation  is  incomplete  ami  the  rat*' 
slow,  ami  at  a  /dl  greater  than  U  some  of  the  iodine 
is  converted  into  i*Nlate  ami  iodide/*  Attention  has 
Inn-u  called  to  the  practice  of  adding  all  excess  of 
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standard  i<xiinr>  solution  to  the  tripositive  arsenical 
dissolve!  itt  bicnrlsmnte  iMiff'T and  then  titrating  the 
i'miw  iodine  with  standard  thiosulfate.  !t  is  known 
that  t  •  use  of  thiosulfate  for  titmtitijc  small  quanti¬ 
ties  of  iodine  in  a  neutral  or  slightly  alkaline  solution 
usually  giv«*s  emmcmts  results  ls*cauae  |>art  of  tla* 
thiosulfate  is  oxidised  to  sulfate  instead  of  tetmthio- 
nate.  Therefore  standard  araenitc  solution  must  lie 
used  in  pluee  of  thiosulfate  if  aeeurate  results  an*  to 
Is*  obt  aim'd.-1* 

.-I  rprntimrtrir  Tit  ml  inti.  The  Volhard  titration  of 
ehloride  arising  from  the  hvdnilvsis  of  lewisite  and 
mustanl  xas  has  ls<en  propimed  along  with  the  esti¬ 
mation  of  arsenic  as  a  method  for  determining  mus¬ 
tanl  ges  and  lewisite  when  simultaneously  present.** 
This  metlasl  is  lacking  in  sensitivity. 

Attention  is  called  to  methods  proposed  for  the 
s|>ccificution  analysis  ot  lewisite."1 

.17..',  DKTKRMINITION  OF  CURTAIN 
ORGANIC  FI.I'ORINK  COMPOt  NI>S 

Practically  all  of  the  metlasls  devised  for  the  de¬ 
termination  of  fluorine-containing  chemical  warfare 
agents  wen*  depemlellt  upon  decomposition  of  the 
compotine  in  <|uestion  with  concomihuit  formation 
of  fluoride  ion  and  subsequent  estimation  of  this 
latter  sufistanci*.  Sinci*  satisfactory  metlasls  for  the 
determination  of  fluoride  ion  wen*  available  at  the 
time  this  work  was  initiatisl,  the  problem  was  to  de¬ 
velop  suitable  metlasls  for  converting  the  fluorine 
emit nitasl  in  certain  organic  coni|smnds  into  fluoride 
ion.  This  is  not  a  difficult  problem  when*  several 
milligrams  of  the  isolated  •» distance  an*  available,  but 
ill  most  cases  il  was  m.essary  to  consider  the  an¬ 
alysis  of  very  much  smaller  quantities  ami  their  col- 
lection  fn»ni  the  atmosphere.  The  various  metlasls 
pmpoaed  for  the  disonijaisition  of  organic  fluorine 
compounds  with  the  formation  of  fluoride  ion  an* 
dcscrils*d  Is'low. 

Ammonia  Drrnm /until  ion.  Methyl  fluonsuTtate eol- 
leeted  in  aqueous  ammonia  can  Is*  hydrolysed  to 
methyl  aleolad,  glvcollic  acid  and  fluoride  ion  by  I  Halt¬ 
ing  the  ammoniacal  solution  in  a  scabs!  tills*  at. 
ISO  (\  or  at  a  pressure  of  I  atm,  for  2  hours.*1  A  js»r- 
tion  of  the  hydrolysate  containing  not  more  than 
oft  nv.  of  fluoride  ion  is  frets  I  of  ammonia  by  evapora¬ 
tion  and  the  fluoride  ion  determined  by  tit  nit  ion  with 
thorium  nitrate  using  as  an  indicator  Rrilliant  Solo- 
chrome  Hlue,  which  forms  a  lake  with  thorium  ion.1* 
This  metlusl  |s>rmim  tin  estimation  of  from  I  100  pg 


of  fluoride  ion  with  an  aeeiiniey  of  aismt  0.fi  Mg.** 
Ttiis  metlasl  has  lM*en  shown  to  Is*  applicable  to  the 
collection  and  decnm|meition  of  dialkyt  tlunmphns- 
pliates**  and  an  alternative  metlasl  of  determining 
fluoride  ion  involving  formation  of  lead  ehlomllunridc 
lias  lss*n  «h*arrils*d.MM  This  latter  metlasl  is  not  so 
sensitive  as  the  thorium  titration. 

Stnlitim  Drmm /until  ion.  A  pns'edure  was  develo|M*«| 
for  tla*  estimation  of  Ihtorim*  in  com|s>unds  such  as 
methyl  fhiortsiectatc  and  0-lluons*thaiiul  in  which 
the  i*om|s>und  dissolve!  in  n-hexanol  was  refluxed 
with  sislium,  the  Huoride  ion  extracted  with  water 
and  tla*  Huoride  ion  in  tla*  aqueous  phase  titmted 
with  thorium  nitrate  using  sislium  nlisarin  sulfonate 
as  an  indicator.7  In  the  ho|s*  of  enhancing  tla*  color 
change  at  the  end  point  of  the  thorium  nitrate 
titration,  f>4  dyestuffs  tised  individually  in  conjunc¬ 
tion  with  sislium  ulisarin  sulfonate  wen*  investigated. 
Only  du  Pont  Aw>  Blue  ap|s*are<l  to  Is*  of  value.7 
Comparison  of  Solis'hrome  Brilliant  Blue  .  sislium 
al'tarin  sulfonate  revealed  that  each  indicator  had 
some  ad\'antagfs  depending  upon  the  concentration 
of  fluoride  ion.  The  former  indicator  was  found  to  Is* 
mon*  sensitive  at  lower  concentrations  of  fluoride 
ion.7**  A  colorimetric  metlusl  for  the  i*stimation  of 
Huoride  ion  Istsefl  upon  the  bleaching  of  the  thorium- 
aliairin  sulfonate  lake  Ims  also  Isen  dcsrrib:*d.‘  The 
decomposition  of  organic  fluorine  in  ethanol  solution 
by  sodium  and  suliscqucnt  estimation  of  fluoride 
ion,**1’  although  useful  in  certain  cases,  is  not  so 
generally  useful  as  is  the  metlusl  using  a  higher  Imil- 
ing  alcohol. 1 

Satlium  /Vmrw/r  Drrom/mitilian.  Methods  de¬ 
pendent  upon  fusion  of  an  organic  fluorine  compound 
with  sislium  peroxide  **»••*•''  or  with  metallic  so¬ 
dium  to  give  fluoride  ion  an*  of  inten*st  only 

in  the  analysis  of  comisiunds  obtainable  in  an 
isolatcil  state. 

lU/mli/lir  Dream /nntition.  Methisls  Istscd  u|s»n  the 
pyrolysis  i  f  organic  fluorine  compounds  either  in  the 
presence  or  alieencc  of  hydrogen  *v'1  although  suc¬ 
cessful  in  some  instanci*s  do  not  appear  to  Is*  gen¬ 
erally  useful,  and  in  many  cases  quantitative  con¬ 
version  into  fluoride  ion  is  not  «■! »1  iiinm !.*•  -,l  This  is 
particularly  tnie  of  the  methiHl  Isised  ii|Nin  combus¬ 
tion  of  an  aqui*ous  ethanol  solution  of  the  fluorine- 
containing  com|H*und.^"*•,’■,'■,l 

I’rritnlalr  1‘rrt hlaralr  Drrnm /until ion.  Organic  fluo¬ 
rine  eompmind* such  as  methyl  fluoroacctntc,  p-floo- 
nsUhanol  and  the  fluorophospimtes  in  aqueous  solu¬ 
tion  can  Is*  oxidized  or  hydrolyzed  to  gbe  fluoride  ion 
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by  treatment  with  a  mix  tun1  of  potassium  motn|H>rio- 
iluto,  silver  perchlorate,  and  perchloric  arid.11  TIu*  n*» 
aetion  mixtun*  is  refluxed  and  then  distilled  at 
135  115  (',  maintaining  the  temperature  at.  the 
ttliove  value  h.v  the  addition  of  water  until  100  ml  of 
distillate  has  lw*<‘n  collected.  An  aliquot-  portion  of 
the  distillate  is  then  analyzed  for  fluoride  ion  hy 
titmtion  with  thorium  nitrate  solution  using  Solo* 
ehrome  Brilliant  Blue  as  an  indieator.'* 

The  <ili<<mi<ial  warfare  agents  sueh  as  the  (luonsiec- 
tates  and  their  homologSi  never  showed  suffieient 
promise  to  justify  extensive  Held  testing.  Conse¬ 
quently  then*  was  no  op|>ort unity  to  evaluate  critl* 
eall.v  the  usefulness  of  these  methods  under  varying 
eotulitions.  It  should  Is*  pointed  out  that  in  certain 
instances  it  was  possible  to  devise  a  fairly  specific 
methisl  for  a  fluorine-containing  compound.  For  ex¬ 
ample,  SjFio  <*an  Is*  determined  in  the  presence  of 
HFi,  S(),Fj,  NOj,  NjOand  SF*  hy  removing  the  latter 
gases  hy  passage  through  a  huhhler  charged  with 
alkali  and  then  passing  the  effluent  stream  through 
a  huhhler  containing  a  solution  of  wslium  or  trotn*- 
sium  i< slide  in  acetone,  the  saline  lils'mtcd  lieing 
determined  hy  titration  with  thiosulfate.4*"* 

.XT.ft  MISCKIJiAiMFOI'S  DKTFKMIN  VTIONS 

Tlie  analytical  metlusls  discussed  in  this  section 
were  not  used  extensively  and  little  information  is 
available  in  resisi't  to  their  usefulness  and  reli- 
ahility. 

Ih  termination  of  Alkyl  FhtorophotphnlcM.  The  alkyl 
(luorophosphates  can  Is-  hydrolyzed  with  ammonia 
to  give  fluoride  ion  as  indicated  previously.  Alkaline 
hydrolysis  ordinarily  do**  not  result  in  the  formation 
of  phosphate  ion.  Alkyl  fluoiophospliates  collected  in 
aqueous  alkali  can  lie  hydrolyzed  |»y  either  hydro- 
htomie  or  hyriroiislic  acid  Pi  give  phosphate  ion 
which  can  then  ls>  determined  hy  colorimetric  meth¬ 
ods  involving  the  formation  of  molylslcnum 
blue.*™*4 


Iklermimtion -of  Hyilrogen  Cyaniilr.  A  determina¬ 
tion  of  hydrogen  cyanide  was  made  in  the  presence 
of  titanium  tetrachloride,  ehtorosiilfonic  acid  and 
it  was  found  that  hydrogen  cyanide  collected  in  a 
laihhter  charged  with  0.25  .V  sodium  hydroxide  can 
I h>  determined  either  h”  t  rat  ion  wit  li  silver  ait  rati1  or 
hy  a  colorimetric  m<  i  liaacd  upon  the  reaction  of 
cyanide  ion  witli  p<  .c  oeid.K  in  the  former  methisl 
aliquot  portions  of  l  .a*  aqueous  cyanide  solution  were 
titrated  with  silver  nitrate  to  a  silver  iislide  end 
point  after  mak.  g  'lotion  0.0  ,V  in  ammonia. 
The  hydroxyl  ion  c-mrcnti  it  ion  can  vary  Is'twecn 
<1.5 and  1.5  .V  without  materially  affecting  the  results. 
The  precision  of  the  metlusl  is  ±10  jig  from  50* 
1 ,000  Mg  ami  ±20  Mg  from  1,000  10,000  MR-  The 
presence  of  100  mg  of  Mslium  sulfate,  stsliutn  chloride, 
(Mitiussium  cyanate,  stsllum  formate,  or  sodium  sulfite 
is  without  effect  upon  the  titration.  The  picric  acid 
colorimetric  melius!  may  Is*  used  for  determining 
2  UN)  Mg  of  cyanide  ion  with  an  accuracy  of  ±2  Mg. 
( Id  ride,  sulfate,  cyanate,  formate  ami  ammonia  ions 
do  not  interfere,  hut  sulllte  ion  dis*. 

IMenninnlion  of  Ethyl  Dimethiilnmiiloriptnophim^ 
/thole  [MCE),  Ml'K  collected  in  aqueous  sislium 
hydroxide  hydrolyzes  to  form  cyanide  iotl  widen  can 
la*  determined  hy  titmtion  with  silver  nitrate  as  just 
descrilsxl.si*  To  determine  the  phosphorus  in  MC’K 
as  phosphate  ion  it  was  found  nm*ssary  to  resort  to 
fuming  with  ts'rcldoric  acid  **  or  oxidation  with  ls»th 
alkaline  and  acid  permanganate*1' 

Determination  of  ChloronrrlopheHonr  (f’.V).  Chli  ro- 
ncctophciuinc  collected  in  diethyl  phtlialate  may  ts> 
estimated  eoiorimetricaily  with  the  aid  of  m -dinit ro- 
hennwe.*" 

M  iwrllanran*  Drlrnninnlionv.  Attention  is  callisl 
to  metlusls  developed  for  the  s|s,eifirutlon  analysis 
of  Isith  hydrogen  cyanide  14  and  cyanogen  chloride,*- 
i*.u.st  die  determination  of  certain  chemical  warfare 
agents  in  contaminated  carl  sin  clothing,4*  and  the 
determination  of  certain  dmnical  warfare  agents  in 
coot aminat «s I  fis slst ufTs,-a* •*' 


4fi 


ife 


§ 


<§ 


SKCKKT 


<  .hapter  38 

INSTRUMENTAL  METHODS  FOR  DETERMINATION  OF  CERTAIN 
CHEMICAL  WARFARE  AGENTS 


By  Carl  Sinimnn 


aa.i  iNTRomcmoN 

n  <’iiai*tkh  .17,  metlnsls  for  the  determination  of 
certain  warfare  agents  using  so-called 

classical  chemical  techniques  won*  th’M'til xii.  As 
indicated  previously,  the  determination  of  mus'ard 
gas  w as  by  far  tin*  most  important  problem.  Although 
certain  of  tla<  so-called  classical  methods  »vcn*  n** 
liable  ami  were  used  extensively  »>'•»»  then*  al¬ 
ways  existed  a  need  for  new  and  improved  inethisls 
of  analysis.  In  the  lalstmtory  the  lack  of  skillta! 
analysts,  the  primitive  faciliti<*s,  and  the  necessity  of 
conductiiiK  thousands  of  individual  analyses  empha- 
siw'd  the  need  for  reliable  and  mpid  instnimcntul 
metlnsls  of  analysis.  If  chamls*r  experiments  were 
to  Kive  a  maximum  amount  of  information,  it  was 
ne<a*ssary  to  develop  instnimcntul  met  lusts  that 
would  furnish  data  which  either  was  unobtainable  by 
classical  methods,  or  could  Is*  obtained  only  with 
coiisidcniblc  difficulty.  Finally  then*  was  an  urgent 
demand  for  instmmental  metlnsls  of  analysis  that 
could  Is*  used  in  the  field  and  that  would  give  in- 
fonnatiou  otlwrwise  unobtainable.  The  iustnimcutal 
metlnsls  of  analysis  d<*scrils*d  ls*low  n*late  primarily 
to  the  determination  of  mustard  gas  and  only  inci¬ 
dentally  to  the  determination  of  other  chemical  war¬ 
fare  agents. 

3*2  SKMIUTOMVriO  4NI)  UTOM  \TIC 
TITRIMKTKRS 

Tin*  discovery  that  mtistunl  gas  as  well  as  a  num- 
ls*rof  otlH*r  clwmical  warfare  agents  nsdd  Is*  titrated 
potontiomctrimlly  1  was  of  im*stimal>ie  value  in  tlie 
development  of  instrumental  metlnsls  for  the  analy¬ 
sis  of  these  cheniica!  warfan*  agents.  In  tls*  original 
investigation  it  was  shown  :  that  mustanl  gas  and 
c«*rtain  arscuicals  couhl  Is*  titrates)  in  dilute  M’Jfurie 
acid  solution  with  bmmine  and  olls*r  oxidising 
agents  using  two  platinum  olcctnslcs  and  a  sensitive 
galvanometer  to  determine  the  end  pe*inl.  Although 
the  original  metlusl 1  is  now  of  historical  inten’sl,  it 
served  to  dcnmnstnitc  tls*  |Hitentialit us  of  tin*  np- 
pnsich. 

tuts 


3*.2.l  Semiautomatic  Titrimctcr  1 

In  the  usual  mctlusls  of  |M>tentiometric  titration, 17 
the  sulistatux'  to  Is*  titrutcxl  is  adelexl  to  a  half  cell 
containing  a  suitable  clcctnulc  and  connected  to 
another  half  cell  containing  a  reference  cicctrialc. 
The  reagent  is  added  in  increments  and  the  |a>tcntinl 
is  measured  jifter  each  addition  by  means  of  a  pe*- 
tcutiometcr.  Tin*  |s>U*utial  is  tla*n  ple»tte*el  against, 
the  volume  of  re*ngt*nt.  added  and  the  end  point 
determined  from  the  plot..  This  metlusl  is  accurate 
and  sensitive  hut  dts*s  not  readily  lend  itself  to 
instrumental  development.  The  np|Mirntus  herein 
descrilsxl  is  1  wised  upon  the  fact  that  in  many  cases 
tlu*  increase  in  potential  at  the  end  of  the  titration  is 
so  great  tluit  it  is  not  nwessary  hi  measure  tlu*  in¬ 
crease  quantitatively,  and  instewl  of  a  potentiometer 
only  a  galvanometer  is  required.  This  will  Is*  recog- 
nixed  as  the  principle  of  the  so-nillrd  Rinkhof  titra¬ 
tion.  A  reference  elect nsle  is  used  which  has  tlu* 
same  potential  as  that  of  the  titmting  elect  nsle  at 
the  end  point  of  the  titration.  The  titmting  elect  nsle 
and  tlu*  reference  cleetnsle  are  connected  to  a 
galvanometer  and  the  reagent  slowly  added  until  a 
sudden  deflection,  or  in  some  cases  a  null  |u»int 
reading,  is  olwerved  «hi  the  galvanometer..  This  js  • 
taken  as  tlu*  end  |mint.  In  the  appanit us  under  dis¬ 
cussion  the  volume  of  reagent  added  is  not  read 
directly  but  is  determined  by  measuring  tlu*  time  a 
constant  flovv-tvpe  burette  ”  is  open. 

The  appar.it us*  consists  of  a  storage  Isittcry,  an  air 
pump,  a  titration  cell,  an  electrically  o|u*rated  con¬ 
stant  flow- type  lnircttc,n  galvanometer,  and  a  switch 
Tlu*  gidvannincicr  and  switch  may  Is*  l*s*ate*el 
wlu*n*vcr  iIk*  operator  wislH*s  to  Is*.  Four  wires  con¬ 
nect  the  two  units.  In  o|M*mtion,  air  containing  tlu* 
sulwtaner  to  Is*  determined  is  drawn  through  the 
titration  cell  at  a  constant  flow  rate.  After  a  selected 
time  interval,  dciiendiiig  u|mo  the  concentration  of 
the  sulwtaiicc  to  is*  determined  in  tlu*  atrslream,  tlu* 
switch  is  closed,  thus  o|s-ning  the  constant  flow-ty|s* 
burette.  Tlu*  circuit  is  allowed  to  remain  e|ose*el  until 
tlu*  galvanometer  tuxsllc  is  deflected  a  selected  num- 
ls*rof  scale  divisions.  At  this  time  the  switch  is  again 
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opened,  Urns  stopping  the  flow  from  I  ho  burrtte.  Tho 
time  interval  from  tho  Ix'ginning  of  tho  aspiration  of 
gas  through  tho  tit mt ion  HI  to  tlio  end  of  tin*  titm* 
thm  is  directly  pmportionnl  to  tho  amount  of  air 
passed  through  tlio  HI,  and  tlio  timo  iutorvai  from 
tiio  Ix'ginning  of  tho  titration  to  the  end  of  tho  titm- 
tion  is  dirHly  pro|Hirtional  to  tlio  amount  of 
reagent  added.  Sine**  tho  flow  mto  ot  tlio  air  through 
tho  HI  and  tho  xtn*ngth  of  tho  roagout  is  known, 
tho  (piuntity  of  tho  xnlixtnncc  Pi  Ik*  dotorminod  in 
tlio  airxtroam  oan  la*  readily  oaloulatod.  If  tho  sul»- 
xtanoo  to  In*  dotormim*d  ix  in  solution,  a  known  vol- 
inno  of  tho  solution  oan  In*  addixl  to  tho  titration  HI 
and  tho  titration  |N*rformi'd  ax  deserilied  alaivo. 

The  alaivo  apparatus,4  or  a  ximplifiod  vorxion  of  it 
in  whioli  tlio  elect  rirnlly  ojN*rato*l  Imrotto  ix  replaced 
hy  a  manually  o]M'ratod  one,*  (tax  lN<on  iimk!  for  tho 
determination  of  muxtnnl  gax,  itx  homologx,  and 
oortain  arsorieals,  all  of  whioli  may  In*  titrated  po- 
tontiomotrioally  with  hromino  or  othor  oxidising 
agents.4*1*  Phosgene,  hydrogen  oyanido,  chloro- 
piorin,  and  othor  xtilixtnnoox  whioli  lilN*rato  ohlorido 
ion  in  tho  proxonro  of  wat<*r  or  form  insoluble  eom- 
INiundx  with  xilvor  ion  may  In*  titmtod  potentio- 
motrioally  with  xilvor  nitrate  uxing  a  xilvor  xilvor 
ohlorido  eloetrtsle.  In  tin*  oaxo  of  phoxgono  it  ix 
necessary  to  have  xolid  /whloroaniline  in  tho  titra¬ 
tion  roll  to  inxiiro  oomploto  hydrolysis.*  Tlio  nitrogon 
muxtanlx  oan  In*  determined  potent iomotrioally  l»y 
titration  with  xilvor  nitrate,* » with  dilute  nitrio  arid 
uxing  a  qninhydmne  elHnsle,*  and  with  dilute 
wNlium  hydroxide  uxing  a  ipiinhydmnn  elHnsle 
afti'r  pynilyxix  of  the  gases  entering  tho  titmtion 
HI.”  Tlio  xomiautomatio  titrimotor  and  its  simpli¬ 
fied  vorxion  were  list'd  extensively  for  the  determina¬ 
tion  of  mustard  gas  present-  *rxitli  ax  a  gas  4*  ami  in 
solution.*  The  apparatus  proved  to  In*  quite  sensitive, 
in  that  a  f met  ion  of  a  miemgmm  of  mustard  gas 
could  In*  detected,  and  it  wax  sufliciontly  precise  f«»r 
most  purposes.  Unfortunately,  since  it  is  dc|x*ndcnt 
ti|N»n  tho  ux«*  of  the  hromino  titmtion  for  the  de¬ 
termination  of  mustard  gas,  its  s|N*cificity  is  not 
great.  Tho  use  of  an  electronic  amplifier  and  a  mill!- 
ammeter  mi  place  of  the  less  robust  galvanometer 
has  Ix'cn  suggested.*-** 

ntt.j.t!  Field  MihIoI  Semiautomatic 
Titrimotor 

Tlio  need  for  a  titiimetor  capahh*  of  Is'ing  o|N*r- 
ated  in  the  field  l<*d  to  the  development  of  an  instru¬ 
ment,  under  the  joint  auspices  of  tho  Chemical 


Warfare  Service  [( 'WSJ  atid  the  National  Defense 
Kosonreh  Committee  [NDHC],  Division  f),  I  taxed 
ii|nmi  the  semiautomatic  titrimotor  doNcrilted  alaivo. 
Tlio  field  mixlel  was  mtNlifii*il  during  the  construc¬ 
tion  of  several  hundred  units  and  only  the  final 
nuNiilicatinu will  Ik*  dixcussi'd.  The  instrument  has 
four  functional  parts:  a  titmtion  cabinet,  a  portable 
ti-volt  wet-HI  Itattery,  a  five-win*  cable  on  a  nsd, 
and  a  control  Ixix.  Tlio  titmtion  oabinet  contains  an 
electrically  driven  air  pump,  a  titration  HI,  an 
electrically  actuated  constant,  flow-typo  burette,  alt 
overflow  trap,  an  electric  relay  lx»x,  atid  a  three-way 
magnet io  valve.  Tie*  princi|ml  innovation  inlnsluccd 
into  the  field  miNlel  titrimotor  wax  tin*  provision  for 
the  stirring  of  the  titration  HI  with  clean  air.  This 
was  found  to  In*  necessary  In'ouuso,  if  high  con¬ 
centrations  of  mustard  gax  won*  pmsent  in  tho  at- 
moxphcn*,  continued  aspiration  of  tlu*  contaminated 
air  through  tlio  titmtion  HI  during  tho  titmtion 
|M>ri<x!  did  not  permit,  the  attainment  of  an  end 
point  within  a  n'nxonnldc  time.  It  should  In*  imintisl 
out  that  it  is  not  pmctieal  to  change  tho  concen¬ 
tration  of  tho  reagent  at  frequent  intervals  under 
field  conditions.  With  the  aid  of  a  three-way  magnetic 
valve  it  wax  imssiblc  Pi  aspirate  contaminated  air 
through  tho  titmtion  HI  for  a  selected  collection 
periixl,  and  then,  by  diverting  the  airxtream  through 
a  charcoal  Imp,  to  pass  clean  air  through  the  cell 
during  the  titration  |N'ri«sl.  The  ci  toil  In>x  contains 
a  galvanometer,  two  variable  resistances,  a  stop¬ 
watch,  suitable  toggle  switches  to  control  the  pump 
motor,  ami  the  burette  valve  and  magnetic  three-way 
valve.  Tla*  control  Imix  is  at! a:  l.ed  either  directly 
to  the  titmtion  cabinet  or  indirectly  by  means  of  a 
cable. 

Although  several  hundred  field  iiknIcI  semiauto¬ 
matic  titrimeters  were  used  in  field  work  Isitli  in  this 
count  ry  and  abroad  and  were  res|w>nsible  for  olr 
taming  much  valuable  data,  their  o|N*mt ion  nspiin'd 
the  sen-ax's  of  a  large  group  of  (M'ople.  The  fact  that 
tin*  instrument  and  its  aci'cssoi-ii*  were  unwieldly 
ami  heavy  addl'd  to  the  difficulties  inherent  in 
operating  on  difficult  terrain.  In  addition,  extensive 
servicing  was  required.  Under  more  favorable  con¬ 
ditions  it  mnv  In*  |Nissible  to  provide  for  Ix'lter 
instrumentation  with  particular  regard  for  lighter 
and  less  bulky  equipment  and  tropic-  and  dust- 
iwisdingof  all  elect  real  and  mechanical  com|sments. 
Such  a  program  would  In'  justified  only  if  the  instru¬ 
ments  wen*  to  Is*  usi*d  for  the  determination  of 
chemical  warfare  agents  other  than  mustard  gas 
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i  localise  other  and  more  satisfartory  instruments 
haw  been  developed  f*»r  the  determination  of  that 
milwt  MW. 

S*.5.»  Electrolytic  Semiautomatic 
Titrimeter 

Inthenluive  instruments  the  mitrent  is  added  to  the 
titration  cell*  1*.v  means  of  an  ekvtrirally  or  miinn* 
ally  operated  burette.  An  alt  .native  anil  superior 
method  of  introdneing  the  ream  nt  into  the  titration 
rell  war  discovered  in  I0II.«V  Thin  new  method  wan 
ImimxI  upon  tin*  eleetmlytie  f  .rmation  of  the  reagent 
in  the  titration  rell.  In  pr.«  He  four  electrodes  are 
mounted  in  the  titration  cell,  two  nerving  as  oi>- 
aerving  electrode*  and  tw  as  genemting  electrode*. 
Tlie  solution  in  the  tit  aiion  rell  contain*  an  elec¬ 
trolyte  which  ran  lie  converted  into  the  reagent  by 
electrolysis.  In  carrying  ou‘  *  it  rat  ion  thn  sample  is 
introduced  into  the  t'Aration  rell  and  current  is 
passed  at  a  const  an.  rate  through  the  generating 
electrode*  until  the  end  point  is  olwcrvcd  through 
the  hm>  of  the  in.O'Ating  elect  ns  les  and  a  suitable 
galvanometer.  Si  «v  Isith  tlie  time  the  current  is 
passed  through  ♦'  «•  genemting  electrodes  and  the 
intensity  of  the  current  are  readily  determinable 
quantities,  the  .mount  of  reagent  liliemted  in  the 
titration  cell  i  ml  tlie  amount  of  sulistanee  titrates! 
an*  readily  ea  elated.  The  advantages  of  electrolytic 
genemtion  of  t.u-  reagent  are  manifold  in  that,  it 
eliminates  the  need  for  tl.  ’"'rctte  assembly  which 
is  fragile  and  bulky,  docs  not  reqn*.;  *  standurdiacd 
reagent  solutions,  permits  tlie  use  of  any  ..  *«ent 
concentration  thereby  allowing  the  apparatus  to 
funetion  over  a  wide  range  of  sample  concentrations, 
and,  filially,  o|s>ns  the  way  to  more  general  and 
automatic  Instnin*  *:itation. 

The  iiImivp  principle  has  liccn  applied  in  the  con¬ 
struction  of  several  instruments  for  tlie  electrometric 
titration  of  mustard  gas.*"**  In  one  of  those  *  one 
pair  of  platinum  elcetnsics  is  uses!  to  cleotrolyw  a 
solution  0.2  .V  in  sulfuric  acid  containing  0.1  per 
mil  potassium  bromide.  A  similar  pair  connected  to 
a  separate  current  source  is  used  to  determine  the 
end  |>oiiit.  A  potential  difference  of  0.2  volt,  across 
the  indicating  electrodes  rapidly  polariws  them  and 
thus  no  current  Hows  until  the  end  point  when  tlie 
excess  bromine  dcpolnriw*  the  catlusles.  The  elec* 
trolyxing  potential  is  maintained  at  alsait  1.5  volts, 
thus  'icing  l*»twcen  the  decomposition  voltages  of 
isitassium  bromide  and  sulfuric  acid,  1.25  volts  and 
I.7M  volts  respectively.  Tim  other  instrument  ■"  dif- 


fenxl  only  in  minor  detail  but.  different  operating 
conditions  were  employed. 

An  interesting  application  of  tlie  electrolysis  prin¬ 
ciple  is  to  bo  festnd  in  an  apparatus  devised  for  the 
titrauvn  of  acid  gases  by  eleetmlytie  generation  of 
hydroxyl  ion."  I  t  this  apparatus  a  double-compart¬ 
ment  cell  is  employed. 

aii.s.t  Field  Model  Electrolytic 
Semiautomatic  Titrimeter 
Tlie  instruments  desorilied  in  the  preceding  para¬ 
graphs  were  designed  primarily  for  laltomtory  use. 
In  view  of  the  diffteulties  associated  with  the  ojier- 
ation  of  the  field  model  semiautomatic  titrimeter, 
steps  wen*  undertaken  tn  iu  I !  hv  the  Bushnell  ea- 
tahlishmei.t  tn  develop  a  Held  mislel  ea.  I  "'lyric 
semiauto  aatic  titrimeter. 

The  ii-.rument  fimdly  developed *»  eonsists  of  a 
titrime*- .  ,*binet  and  eul>les.  The  titrimeter  eahinet 
is  a  ligb*  .-eight  resin  liondcd  ply  wood  Imix  equipped 
with  ft  rrying  handles  and  dust-  and  moisture- 
nmoli  ’  by  means  of  a  mblier  gasket  lietween  the  lid 
and  I-  Itnm.  (‘host  eatehes  allow  the  eahinet  to  Is* 
closet,  rightly.  Suitable  holes,  one-half  in  the  lid  and 
one-h-  'f  in  the  Imttom,  provide  the  (Millets  for  the 
inti,,  r  tulie,  mnin  cable,  and  Imttery  eable  wlu't,  the 
m-  .line  is  in  operation.  Rublier  bushings  in  these 
ho.  w  keep  tight  seals  around  the  intake  tills'  and 
(•iib  «,  and  plugs  are  provided  for  the  linier  when 
i  .t  machine  is  not  in  operation.  All  the  elements 
\  'thin  tlie  enliinet  are  mminted  on  a  removable  base 

. .  Three  include  (Da  motor-opcmtrd  pump 

•'  »i  lar  to  t  he  onc  tn  tlie  n  marie 

ii.rimeu-.  the  cell,  which  is  held  in  ti  lilW'k  lllltt. 

hieh  contains  two  "’stinum  genemting  electnsles 
jj-.  addition  to  the  indicating .  ’  -trodcs,  (3)  an  over¬ 
flow  trap  of  simple  Inildiler  tulie  eons.  -*,-»n,  ( I)  a 
relay  hiHised  in  glass  to  control  the  motor,  and 
brass  plate  on  which  is  mounted  the  amphenol  eon* 
ncetor  for  the  main  ruble  anil  a  toggle  switch  to 
•ontrol  the  motor  relay.  Hie  control  Imix  contains 
(Da  milliamiofter  muling  from  0-2  and  0-20  mil, 
(2)  a  diMihlc-polc,  diMtbh'-throw  awiteh  to  select  thi-se 
ninges,  (3)  a  galvanometer,  (J)aslnmt  register,  (5i  a 
circuit  for  regulation  of  the  elect rolyring  current,  and 
(ill  switches  to  control  the  elect  roly  ring  and  motor 
relay  circuits.  Tlie  electrolyte  coll  tabu'd  in  the  ti¬ 
trating  cell  is  0.25  M  in  sulfuric  acid  and  0.1  M  in 
potassium  bromide.  Air  containing  tlie  agent  is  luili- 
liled  through  the  titrating  cell  at  the  rate  of  I  Ipnt 
and  two  jsilarixed  platinum  elect  ns  les  an*  used  as 
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indicator  elect  nslcs.  With  this  instninamt  it  was 
possible  to  achieve  rates  of  titration  of  from  0.82- 
10  an  of  mustard  gas  per  second.  Tliis  latter  value 
permits  estimation  of  concentrations  well  al>ove  the 
highest,  nlmcrved  in  field  experiments. 

Although  this  instrument  was  ileveloped  t<s>  late 
to  tie  put.  to  extensive  use,  it  is  reasonably  clear  that 
it  was  the  most  satisfactory  semiautomatic  field 
instrument  developed.  It  is  possible  that  the  instru¬ 
mentation  could  lie  improved  and  this  might  lie 
profitable  if  future  work  requires  a  semiautomatic 
instrument. 

.ia.2.5  Automatic  Titrimeter 

An  automatic  titrimeter  was  tlcvclopcd 14  which 
was  capalde  ot  indicating  concentrations  of  mustanl 
gas,  or  any  other  sulmtanic  reacting  with  bromine. 
TIm*  responsn  of  the  instrument  to  %u!ying  concen¬ 
trations  of  mustard  gnu  was  reasonably  rapid  ».  that 
within  limits  it  was  capable  of  indicating  for  practical 
purposes  concentrations  prevailing  at  any  one  time. 
In  this  instrument  one  airstream  is  passed  first 
thnsigh  a  charcoal  trap  to  remove  any  sulmtance 
reading  with  bromine,  then  thnsigh  a  needle  valve, 
and  then  through  a  solution  of  bromine  in  potassium 
bramble.  The  airstream  containing  a  definite  amount 
of  bromine  is  then  passed  thnsigh  n  length  of 
capillary  tubing,  thnsigh  a  T-tulie,  and  into  a  cell 
containing  a  platinum  electrode  and  a  reference 
eleetnsle.  The  two  eleetnsles  are  connected  through 
a  varialdc  resistance  to  a  0  AO  micnsimmeter.  A 
second  airstream  enters  the  system  .  t  a  known  rate 
through  a  tills'  containing  a  hy-pnrs  equipped  with 
a  second  chnrconl  trap,  passes  thnsigh  a  length 
oS  capillary  tubing,  and  then  joins  the  hromh 
■kJan  airstream  at  a  T.  dhe  two  streams  entering 
lln  liln  In  i  il|  |lf|i  in  The  instnuuent  is  pro¬ 
vok'd  with  an  ok'etriruliyilrivotMiT^wiilil^s^* 
miniature  storage  batten. 

In  operation,  the  second  or  sampling  airstmam  is 
first  Iw-passcd  thnsigh  n  chan-oul  trap,  thus  leaving 
pure  air  to  mix  with  tls*  bromine-containing  stream 
•  T.  The  needle  valve  on  the  turstream  passing 
thnsigii  the  ...  •wide  saturator  is  luljiiststl  so  tluit  a 
ri'iidingof.  say,  l-lga  is  .’  -«rve«l  im  (lie  microamme- 
tor.This  ojswation  provides  for  toe  *di'istmcnt  of  tlie 
indnimcnt  to  an  arliitmiy  aero  reading.  -  sam¬ 
pling  airstmnn  is  then  diverted  from  the  hv-pa>« 
and  its  trap  and  is  allowed  to  »v.v  with  tlie  !»•  snine- 
laden  airstream.  If  mustanl  gas  or  any  oils;  «ol»- 
Ktiuiec  which  n*acts  with  bromim*  is  present,  an 


amount  of  bromine  equivalent  to  the  amount  of 
substance  preseut  is  removed  from  the  combined 
airst  reams  and  cell,  and  the  current  mid  on  the 
micrmmmoter  will  decrease  in  direct  proportion  to 
the  amount  of  suhstanec  present  at  that.  time.  Tlie 
instrument  constructed 14  was  suitable  for  the  de¬ 
termination  of  mustanl  gas  concentrations  varying 
frorntl  t(t  >tg  I  or  from  OHIO  Mg  I  by  suitaliie  adjust¬ 
ment  of  the  resistor  in  series  witli  the  nil  and  meter, 
and  from  0-300  Mg  l  by  changing  the  capillary  in  the 
sampling  airstream  to  lower  tlie  rate  of  air  intake. 
It  is  clear  that  the  instrument  requires  calibration 
against  known  concentrations  of  the  sulmtnnce  to  oc 
determined.  The  accuracy  obtainable  may  Is*  alsmt 
±  It)  per  cent.  It  should  lie  emphasised  that  com¬ 
parison  Mwcon  the  results  obtained  by  this  instal¬ 
ment  and  those  by  other  means  under  actual  field 
conditions  is  rendered  very  difficult  h.v  the  fact  tluit 
only  l;y  integration  of  many  concentration-time 
tahies  hi  give  a  total  dosage  cun  any  conqNirison  lie 
made  at  a!!.  Such  a  scries  of  concentration  readings 
is  obtained  only  by  continuous  observation  of  the 
instrument  over  a  relatively  Ion"  time  period  by  an 
operator  exposed  to  tlie  same  concentration  of 
mustard  vapor  as  is  the  instiumen*  itself.  Tliis  un¬ 
desirable  feature  in  the  instrument’s  use  win.  «,hHly 
responsible  for  Its  hr-ing  used  only  very  slightly  in 
field  tests.  The  important  observation  mtulc  in  con¬ 
nection  with  its  limited  use  in  tlie  field  was  that,  the 
■ero  point  setting  was  far  tisi  unsteady.  Klcetrolytic 
generation  of  bromine,  ns  pointed  out  Mow,  would 
prolsibly  improve  this  undesirable  feature  in  tlie 
instrument’s  operation.  11m*  instrument.  Is  rompaet 
and  portable  and  appears  to  offer  considerable 
promise,  Tlie  instrumentation  is  primitive  anil  them 
is  little  doubt  that  with  proper  care  in  respect  to 
instrumentation  iletail  an  instrument  could  lie  con¬ 
structed  tluit  would  In>  quite  uselul  for  the  determi- 
jpp^j^jlMTilk'd  instantaneous  concentrations.  The 

Uwie  principk^SSSSjssia5^y|ll^",,!M,n*  *'rm  to 
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Uvsie  principh  n  i  nillUlii 
Is* excellent  iHiesnnd  worthy  ul  Imllil'llu 
Such  development  sliisild  consider,  aside  from  fin- 
tun's  of  convenience,  tlie  pnssilslity  of  improving  the 
indicating  system  so  ns  to  lessen  tlie  amount  of  ciir- 
nmt  drawn  thnmgh  the  it) I  and  of  improving  tlie 
ilesign  of  the  titration  roll  so  to  to  minimise  loss  of 
Imiminc  in  onlcr  that  electrolytic  generation  of 
!."-ominr  could  lie  used  generally  *.Vith  the  pn'sent 
ilesigii,  i!  .••tarty  do  generation  of  hmininr  is  pos><!ile 
for  concent  ration*  *lic  0-  to  10-Mg  range.'4  Aside 
from  .  lim'naling  the  new!  oi  «. ..  •»  orate  solution  as  n 
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stance  of  bromine,  electrolytic  generation  of  iIm*  tv* 
agent  would  possibly  obviate  tin*  nwl  for  caliliration. 

.w.2.6  Automatic  Recording  Titrimeter 
An  automntie  wording  titrimeter  was  tlevel- 
»•* 15  which  wns  Imsed  upon  flic  use  of  the 
seminiitomutie  titrimeter  (IcspHImsI  in  Keetion  .12.2.1. 
This  automatic  instrument,  which  contains  an 
electrically  operated,  constant  How-type  Isiirtte  and 
a  photoelectric  relay  consists  of  a  titration  and  a 
recording  unit.  Air  is  drawn  into  a  HI  ctmtninod  in 
the  titration  unit,  where  the  titration  is  nuto- 
matically  effected.  The  recording  unit  controls  tlic 
automatic  titration  in  the  titration  unit  and  records 
tin*  analysis  on  a  chart.  Tlte  titration  proceeds  as 
follows:  Air  containing  the  sitlwtance  to  lie  de- 
termined  is  drawn  continuously  at  a  constant  known 
rate  through  a  solution  which  nltserlis  the  sulistance 
and  which  contains  an  electrode  which  detects  in¬ 
directly  tin*  presence  of  the  sulmtanee.  A  reference 
electrode  of  approximately  the  same  potential  as  tlie 
end  point  potential  of  the  first  electrode  completes 
theek'Ctmlytic  cell.  Hie  potential  of  this  cell  controls, 
through  a  photoelectric  relay,  the  "addition  o»  titrat¬ 
ing  liquid  to  tlte  cell.  When  tlie  potential  of  tlie  cell 
is  approximately  gero,  no  titrating  liquid  enters. 
Wlien  *he  sulmtanee  to  lie  determined  is  present,  pro¬ 
ducing  a  change  in  potential,  titrating  litptid  enters 
tlie  cell  at  a  constant  rate  until  the  sulmtawc  to  lie 
tici«  mdned  is  no  longer  present.  Tims  a  state  of 
cm ..  *«•»!  Imlance  is educed  in  the  HI.  Periodically, 
addition  ot  touting  liquid  is  stotn<rd  and  .Is-  sulw 
stance  allowed  to  aceum.i'ate  in  tlie  HI.  At  tlie  eml 
of  this  sampling  periisl,  titration  is^ins  and  pmeeeds 
until  the  sulmtunce  to  Is*  ilctermined  is  no  !‘***trer 
present.  The  amount  oT -sulmtanee  which  enters  the 
HI  during  the  sampling  and  titrating  periods  ran  In* 
calculated  from  tlie  amount  of  titrating  liquid  which 


willdetermiueO.lt)  lO.tMMIggof  mustard  gas  |s>r  liter 
of  air.  Tlie  silver  nitrate  titration  is  slightly  less  sei.-i. 
live.  In  the  determination  of  low  concent  rat  ions  ot 
mustard  gas,  the  air  may  lie  passed  over  certain 
kinds  of  soda  lime  to  remove  any  vapors  of  the  poly- 
sulfides  of  mustard  gas  which  may  In*  present.” 
The  overall  accuracy  of  the  inst  rument  is  ulmmt  ±  HI 
jier  cent.  Tin*  recorder  may  Is*  at  any  desired  dis¬ 
tance  front  the  titration  HI  and  several  titration 
His  at  various  local  ions  may  Ik*  o|K<mtcd  and 
recorded  consecutively  by  tlie  same  n*conler. 

A  simple  electronic  timing  circuit,  for  urn*  with  the 
almve  automatic  recording  titrimeter  wjis  devised.1* 
It  made  (sHblc  tin*  selection  of  time  cycles  varying 
iN'twiN'n  0.2ft  tuul  ft.R  minutes  mid  thus  worked 
In'Iow  the  |owi>r  limit  of  ft  minutes  permitted  by  the 
gear  system  of  the  unmislificd  titrimeter.  It  also 
arranged  automaticidly  for  the  start  of  a  new  sam¬ 
pling  perimt  directly  after  the  preceding  period  is 
completed. 

Mix  automatic  recording  titrimeters  were  con¬ 
structed  "and  were  used  eitlier  as  const  meted  or  with 
minor  miNlificatiims  **  primarily  in  ehamlier  experi¬ 
ments  where  their  performance  was  reasonably  satis* 
fortiny.'****-'’'-*"  Use  of  the  alsive  type  of  auto¬ 
matic  recording  titrimeter  is  limited  to  t  in*  lalNiratory 
or  seini|N>rmanent  installations.  It  is  definitely  not  a 
portable  instrument  and  it  is  certain  that  It  could 
not  survive  field  usage.  It  is  very  questionable  that 
flirt  her  instrumentation  along  tlie  aJsive  lines  would 
result  in  a  usable  portabk*  instrument  liemuse  of  the 
fragility  and  Isilkiness  of  a  numlior  of  com|Mments 
neeessiny  for  this  type  of  instrument.  A  stronger 
reason  lor  o>.;  “ontinuing  development  along  the 
almve  lines  is  that  another  in..tr,,ment  Imsed  tlimii 
.."fferent  principles  and  offering  consideralrfy  gtva’-’r 
promise  it..  •  already  liecn  ilevelopnl.  Tliis  is  «Ie- 
scrilNtl  in  the  follow  i;:*  section. 


enters  tin*  HI  during  tlie  titration  periisl.  Since  the  t 

rate  of  flow  of  titrating  liquid  into  the  HI  is  constant,  •"  Automatic  Mectroly  tic  Hix^.  •  mg 

time  of  flow  is  proportional  to  the  quantity  of  re-  Titrimeter 

agent  entering  the  cell.  The  recorder  marks  the  dura-  .  For  use  in  chemical  warfare  studies  and  in  oilier 


tkm  of  titration  and  nontitration  peril  sis  ami  thus 

•he  incoming  air.  Two  titmtingsoIuTiim^WT" 
used,**'*  one  containing  silver  nitrate  and  the  other 


problems,  an  automatic  record-  -  titrimeter  should 
provide  for  (I)  the  co*  'muous  indication  uf  toe  cc*» 
centration  of  the  sub  tnoce  to  In*  determined,  (2)  the 

slowly  or  rapidly,  wirii  time  and  (ft)  the  t'mimuou>~~ 


containing  hnimine,  depending  upon  the  type  of  suit-  indication  of  tlie  int*,.ra?'*«t  value  of  the  concent  ni- 


s*nnec  to  In*  determined.  A  silver  rleetnale  was  usi<d  tion.  Hint  is,  tlie  I.;  irument  should  Is*  capable  of 
with  tin*  silver  nitrate  reagent  and  a  platinum  elec-  iml‘euting  tlie  cnncei?' ration  at  any  lime,  tlie  dosage 


trodewith  the  bromine  reagent.  The  bromine  titration  accumulated  from  r-c  arbitrary  arm  (inn*  to  the  time 
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of  reading.  and  lilt1  variation  of  concentration  with 
time.  It  itt  rraliard  that  if  sufficient  time  wcm  nvnit- 
nl>t<>  nn<i  conditions  ideal,  nil  of  fix*  information 
could  lx*  obtained  from  the  concentration  wimk 
tint**  nsurd.  However,  in  field  work  condition*  am 
rarely  if  ever  ideal  and,  since  time  is  often  an  im¬ 
portant  element  in  field  work  which  involve*  cx- 
pnxitrc  of  human*  to  toxic  agent*,  it  i*  extremely 
dc*irahle  to  have  immediate  information  in  regard 
to  th(*  concentration  at  any  one  time  and  tlie  dosage 
accumulated  during  a  given  time  interval. 

An  automatic  recording  electrolytic  titrimeter  wn* 
developed  -  to  satisfy  not  only  these  requirement* 
Imt  also  other*  minting  to  portability  and  sustained 
unattended  operation.  It  wa*  intended  that  th<* 
instrument  lie  use*!  primarily  for  the  determination 
of  mustard  gas.  The  complete  instrument  consist* 
of  ( I )  the  titration  unit,  (2)  t lie  recording  unit,  (3)  an 
auxiliary  integrating  unit,  and  (4)  an  auxiliary*  power 
unit.  The  titration  unit  contain*  a  titration  veil 
utilising  electrolytic  generation  <if  the  titrating  agent, 
an  electronic  power  amplifier  operated  on  dry  eel!*, 
a  motor-driven  air  pump  operated  hy  a  storage  I  lot¬ 
tery  also  in  the  unit,  a  panel  meter  for  indicating 
craimitmtiisi,  a  gas-type  integrator  for  indicating 
dosage  (concentration  X  time)  values,  the  necessary* 
control*  for  the  adjustment  and  operation  of  the 
instrument,  und  electric  outlet*  for  connection  with 
the  otlier  unit*.  Tin*  recording  unit  wa*  simply  a 
com  menial  motlcl  ink-recording  milliammeter.  Tlie 
auxiliary  integrating  unit  is  an  electronic  dcvi<>*  de¬ 
veloped  xulMcqucnt  to  tlie  gas-type  integrator.  The 
dcctnmic  integrating  device  i*  capable  of  greater 
precision  and  utility  than  the  gas-type  integrator 
Imt  is  somewhat  larger.  The  auxiliary  power  unit  is 
pmviikil  for  those  case*  wh  *m  long  peril*!*  of  oj st¬ 
ation  am  required. 

Tlie  way  in  a  Writ  f  lie  titrimeter  iterate*  i*  illus¬ 
trated  in  Figure  I.  Although  the  several  steps  in¬ 
volved  in  i!..-  ••aeration  occur  simultaneously,  it  is 
convtnient  to  arrange  ««•;:'  in  a  hy|*ithcticni  *<*- 
«|iM*nc«*  a*  follows:  (I)  When  no  mustard  is  liein"  *J>- 
suriied  hy  the  titration  cell,  the  generating  electn.  .os 
produce  hromine  at  a  low  co:  slant  rate  to  pmviile  a 
constant  Imt  very  small  h  omine  concentration  in 
tlie  ****11 .  (2)  The  irfisen!::;*  eloctnnlc  system  (plat¬ 
inum  «Js::  ;■•!  •***.>li  i*  very  -ensitive to small  changes 
in  the  hromine  concern..  .■•  t  'V*ien  mustanl  is  alt- 
sorlssl  in  the  cell,  it  retie'  quantitative.;,  ”:J!:  the 
hmmiue  and  pnsluces  ••  ••hnngc  in  tlie  potential  of 
tlie  o!  >«erving  elect  rot  It -«  (3)  The  “oliscrvcd  poten¬ 
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tial”  is  applied  to  the  input  terminal*  of  an  electronic 
|>owcr  amplifier,  tlie  output  terminal*  of  whteh  am 
connected  in  series  to  tlie  generating  elect  rot  le*  and 
the  output  eurmnt.  meter*.  (4>  The  change  in  the 
“oliscrvcd  potential"  cause*  a  change  in  t  he  hmmiii<>- 
generating  eurmnt  which  is  just  sufficient  to  com¬ 
pensate  for  the  consumption  of  hromine  hy  the 
nlnortied  mustanl.  The  power  amplification  of  the 
amplifier  is  sufficient  to  produce  large  eurmnt 
etuinge*  for  very*  small  change*  in  the  oliscrvcd  poten¬ 
tial.  For  this  reason  tlie  initial  hnnnine  excess  is  al¬ 
most  completely*  mstomd.  (A)  Since  tlie  change  in. 
fhe  lirominc-grncmting  eurmnt  is  a  direct,  measum 
of  the  change  in  the  rate  of  consumption  of  hnnnine 
hy*  mustanl,  the  mount  of  tlie  eurmnt  may*  In*  used 
a*  a  mconl  of  mustanl  concentration,  tin*  propor- 
tionality  factor  lieing  given  hy  Fanulay’s  law  The 
sampling  flow  rate  is  constant,  convenient ly*  at 
I  Ipm. 

Ktptifihrittm  concentrations  am  set  up  in  tlie  titrn- 
tiim  celt  despite  tlie  constant-  addition  of  the  rc- 
ivtaut*  lieeattse  of  th**  cimulntion  of  liquid  thnmgh 
the  cell  mill  tlie  aeration  of  hniminc  hy  the  airstmam. 
( ‘imtilntion  is  of  gmnt  importance  in  the  rapid  attain¬ 
ment  of  equilibrium  and  in  the  prevention  of  hunting 
in  the  instrument.  Tlie  ulmoriang  solution  is  cleansed 
of  excess  tract  ants  and  reaction  pnnlucts  hy  p^.*snge 
thnmgh  a  lied  of  granular  rlmmonl. 

For  oliscrving  tlie  “instantaneous"  concentration 
of  mustanl  gas,  a  0-1  milliammeter  in  tlie  generating 
current  eimuit  was  employ*ed.  Per  minute,  one  mn 
generate*  the  qitmitity  of  bromide  which  reacts  with 
10.5  jig  of  mustanl.  Sinir  tlie  air  sampling  llmv  rate  is 
I  1pm,  a  meter  moiling  of  I  mu  corresponds  to  50  jig 
of  mustanl  gas  per  liter  to  within  I  )s*r  cent.  The 
meter  sensitivity  ran  also  Is*  decreased  to  100  jig  of 
mustanl  gas  per  liter  full-scale  hy  inserting,  with  the 
aid  of  a  toggle  switch,  a  shunt  msistor  in  parallel 
with  tlie  meter  when  a  greater  range  is  dcsimd.  The 
mconlin^  unit  may  also  In*  placed  in  the  generating 
eurmnt  eimuit,  themby  enabling  the  nronling  of  the 
concentration  as  a  function  of  time.  For  determining 
tin*  integrated  value  of  tin*  concentration  over  a  given 
time  interval  two  devices  were  dcvclojnsl,  one  of 
which  is  a  simple  electrolytic  gas  generator  and  the 
ot Imt  an  electronic  eimuit  and  impulse  counter,  linth 
may  In*  placed  in  the  generating  current  circuit.  The 
electrolytic  gas-type  integrator,  which  was  Iniscd 
it|nm  the  displacement  of  a  dyed  solution  along  a 
Iwiica!  pat1*  to*  gas  generated  from  two  small  elix-- 
tnnles,  is  graduated  ...  v*st-  of  2  ma  inin,  inm- 
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spending  Honrly  to  100  jig-of  mustard.  The  range  of 
tto*  integrator  extend*  to  10,000  *tg  of  mustard. 

Tho  cleetronlr  rurrrnt  integrator,  or  mlcroe«*ilom- 
etcr,  out  be  attached  to  the  titrimctor  In  place  of 
the  gns-typo  integrator  or  in  scries  with  it.  The 
rlwk-typc  counter  dial  of  tho  micmeoulomcter  per¬ 
mits  the  direct  rending  of  tho  instantaneous  value  of 
tho  integrated  concentration.  The  microcoulomcter 
out  also  la*  used  with  tho  titrimcter  to  perform  very 
rapid  automatic  titration*  of  miemgrum  sample*  of 
mustard.  In  one  aerie*  of  titrntiona,  only  Ift  second* 
were  required  for  the  completion  of  each  titration, 
including  the  adding  of  the  aample  and  the  recording 
of  the  reattlt. 

It  ia  liclieved  that,  in  principle  the  alrnve  instrti- 
ment  i*  vaatly  anperior  to  all  other*  developed  for  tlte 
instrumental  determination  of  mustard  gaa  ami  other 
sulistnnee*  dcterminnhle  l>y  a  reagent  capable  of 
lieing  formed  by  elect wlyaia.  Further  inatru menta¬ 
tion  ia  needed  to  pnKluce  an  inatrument  that  will 
withstand  the  vicissitude*  of  field  work  not  only  in 
the  tropic*  but  also  in  temperate  tone*.  If  such  an 
instniment  could  lie  produced  and  demonstrated  to 
I*’  reliable  under  a  variety  of  opemting  conditions, 
it  would  lie  an  exceedingly  valuable  inatrument  for  alt 
type*  of  problem*  ineluding  some  not  pertaining  to 
chemical  warfare. 

3U.3  AUTOMATIC  TVPE  RECORDERS 

rnpe  recorder*  are  instniment*  which  in  principle 
•lepenil  upon  reaction  «»f  the  *ul>atnnce  to  lie  ile- 
termined,  or  a  pnaluet  tliercof,  with  a  tape  in.preg- 
natod  with  n  reagent,  tlie  pnaluet  of  this  eeaetion 
Mug  •*  rolo!  or  stain  whom*  intensity,  »»r  extent,  i,« 
proportion'd  ti.  :!»«•  con  nttadon  of  the  auliatance 
to  lie  iletermii.ed  'Ph*»  e'  jawure  of  successive  *i*g- 
ment*  of  the  tajie  to  the  auliatance  to  Ik>  determined 
i*  achieved  by  mechanical  mean*.  In  Ibis  wav  a 
reconl  i*  pnsluccd  which  «*an  lie  mul,  with  or  with¬ 
out  the  aid  of  auxiliary  equipment,  to  give  informa¬ 
tion  regarding  the  average  concentration  of  the 
Miilistiuicc  to  lie  determined  over  (lie  sampling  time 
interval  and  tlie  variation  of  this  Incremental  average 
concentration  with  time. 

Mt.3.1  Piper  Tape  Recorder 
A  paper  tape  reeorder  and  auxiliary  equipment 
was  developed  '*•"•**»•'•  and  produced  in  sufficient 
quantity  to  permit  evaluation  of  this  typo  of  instru¬ 
ment  under  a  \  nricty  of  field  conditi.ni*.'*"**"** 
TIh*  p«i|**r  tape  recorder  is  contained  in  an  aluminum 


ca*p  containing  two  compartments,  the  lower  pro¬ 
viding  space  for  a  small  tl-volt  storage  Uittcry  and 
tlie  upper  une  fur  the  sampling  und  rceunling  miH*ha* 
nism.  The  instrument  fully  assembled  weighs  25 
pound*.  Air  containing  the  sulistnnre  to  lie  deter¬ 
mined  is  drawn  into  the  sampling  and  recording 
mechanism  through  a  metal  tula*,  cquip|icd  with  a 
rainproof  cap,  projecting  through  the  top  of  tlie  ease. 
No  special  provision  is  made  for  air  exliaust  as  there 
is  sufficient  leakage  at  tlte  on-off  switch  and  at  other 
points  for  tlie  escape  of  air.  Tlie  sampling  and  record- 
ing  mechanism  is  driven  by  a  0-volt  shunt-wound 
motor  with  built-in  worm  gear.  Tlie  suction  pump  is 
an  automobile  windshield  wiper  motor  from  which 
tlie  valve  mechanism  hns  lieen  removed  and  which 
is  provided  instead  with  a  set  of  Bunsen  check  valves 
connected  with  fitting*  attached  to  the  two  pump 
cylinders.  The  miction  pump  is  driven  by  means  of  a 
connecting  rod  and  crank.  The  volume  :if  air  pumped 
is  approximately  850  ml/min  with  the  grade  of  paper 
usually  used.  The  paper  tape  transport  mechanism 
ran  b?  engaged  either  intermittently  or  continuously. 
Tlie  paper  tape  transport  mechanism  consist*  of  a 
pair  of  intermittent  spur  gears  driving  a  standard 
lll-mm  film  sprocket,  ami  two  «~»ms,  one  of  which 
rontrols  a  valve  on  the  Intake  air  line,  the  oilier  re¬ 
leasing  the  paper  during  its  period  of  travel.  .Vs 
usually  used  in  sampling  persistent  agents,  tlie  paper 
tape  is  moved  so  that  every  other  frame  on  the  re¬ 
sulting  rreond  is  unexposed.  This  give*  as  mnny 
Monks  for  photometry  as  there  are  exposed  frames. 
The  provision  for  tape  feed  and  rewind  is  conven¬ 
tional  for  10-mm  motion  pirtiire  equipment.  An 
actuating  cam  was  designed  so  as  to  Is*  readily  re¬ 
placeable  in  onkv  to  provide  wide  latitude  in  the 
ehniec  of  exposures  when  working  with  different, 
agents.  Tlie  rate  of  paper  travel  is  normally  that 
which  produce*  one  exposure  per  minute.  With  suit- 
abk*  modification*  the  paper  tape  travel  can  Is* 
changed  to  a  multiple  or  fraction  of  this  rate,  thus 
providing  for  greater  sensitivity  or  greater  rrt»o*  of 
concent  ration. 

Tlie  volume  of  air  drawn  through  tlie  paper  when 
the  film-driving  mechanism  is  in  continuous  oper¬ 
ation  (i.r.,  for  nonpersistent  agents)  is  governed  by 
tlie  angular  extent  of  tho  rise  on  tlie  cam  <q**niting 
tlie  air  valve.  The  volume  of  air  sampled  in  tills  way 
at  each  exposure  is  approximately  2  ml.  Air  entering 
the  intake  tills*  Is  passed,  In  order,  through  a  control 
valve,  through  tlie  paper  taf**,  through  a  trap  which 
cm  tains  either  charcoal  or  silica  gel  or  Isitli,  und 
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liimll.v  to  (In-  suction  pump.  TIm>  suction  pump  is  thus 
cotitinttnliy  discharging  dcttn  nit*  within  the  instru¬ 
ment  ciisc.  Tlie  current  consumption  is  approxi¬ 
mately  I.K  amp,  the  Imttcry  capacity  thus  providing 
for  approximately  10  hours  of  operation.  When  used 
for  non|N>rsistent  intents,  the  limititiK  factor  iti  the 
sampling  time  is  the  si*e  of  the  roll  of  tn|M>.  One  full 
role  of  tape  provides  for  00  minutes  of  running  time. 
The  paper  No.  730  manufactured  l»y  the  llulhurt 
I’npcrCo.  was  sells- ti*d  as  the  licst  for  sulssHpient  im¬ 
pregnation,  since  it  m<s*ts  Isith  tlie  physical  lunt 
chemical  requirements. 

The  accessory  equipment  required  for  the  oper- 
utioti  of  tfu1  recording  units  included:  a  tupi'-impn-g- 
nating  machine  in  which  tlie  pn|ter  ta|N>  is  inipreg- 
natisl  with  nugents  appropriate  for  the  sultstanre  to 
lie  determined;  a  photometer  for  determining  tlie 
intensity  of  tin*  colored  frames;  and  a  jtortahle  cali¬ 
brating  unit  for  producing  known  vapor  conecntra- 
tions  of  the  sulistancc  to  lie  determined.  Tlie  impreg¬ 
nating  apparatus  was  dt-signed  to  carry  out  auto¬ 
matically  the  impregnation  and  drying  of  two  striji* 
of  tape  simultaneously.  Tim  paper  tnfiea  an*  passed 
by  means  of  a  motor-driven  sprocket  from  feed  reels 
into  a  common  imtli  containing  an  impregnating 
solution  which  is  fed  from  a  reservoir  thmugh  a 
constant  level  siphon.  Tlie  topi's  travel  up  and  down 
through  a  drying  tower,  through  which  hot  air  is 
circulated,  and  an*  then  passed  onto  rewind  reels. 
Tlie  apparatus  provides  for  three  s|iecds  of  tape 
travel  and  for  two  settings  of  tlie  tower  heat. 

Tlie  photometer  assembly  consisted  of  three  parts: 
(I)  the  frame  which  carries  tin1  light  source,  tape- 
feed  mechanism,  and  reels,  (2)  the  phntoamplificd 
cartridge  which  contains  the  photocell  ami  tlm 
vacuum-tulle  amplifies  and  (Jit  tlie  control  unit 
which  contains  the  indicating  meter,  controls,  and 
dry  Imttcrics.  ( 'unvnt  for  the  light  source,  motor,  and 
amplifier  tuls>  filament  is  obtained  from  auxiliary 
storage  batteries.  The  photometry  is  performed  by 
measuring  its*  light  transmitted  through  tlie  paper 
tape.  As  the  n*eords  usually  consist  of  a  series  of 
colored  spot*  interspersed  at  interval*  with  blank 
s|sils,  the  iii.ilnimenl  is  adjusted,  by  means  of  Poh.f- 
oid  filters,  to  give  a  lull-mile  muling  for  a  blank 
s|s>t :  tlie  tajie  is  moved  to  place  a  colons i  spot  in  tlie 
light  path  and  the  ik'crcnsc  in  transmitted  light  is 
taken  to  Is-  »»•«  portional  to  the  intensity  of  tlie  st 
A  calibration  curve  was  prepared  relating  intensity 
of  stain  to  concentration  of  the  sulistunce  to  lie 
dctcrmimsl. 


Tlie  portable  calibration  unit  provided  for  the 
availability  of  nirst  reams  containing  known  amounts 
of  the  various  chemical  warfare  agents  and  was 
simply  a  system  permitting  the  controlled  dilution 
of  iui  nit-stream  containing  a  relatively  high  and 
known  concentration  of  the  substance  to  lie  de¬ 
termined. 

Ti“st  |m|N-r*  were  develo|x-d  for  determining  nuis- 
tanl,  cyanogen  chloride,  phosgene,  and  liydrogcn 
cyanide,  and  the  instrument  was  used  in  many  field 
trials  involving  tlie  use  of  these  agent*.  When  the 
pti|>er  tape  recorder*  wen*  first  usisl  in  Held  work, 
istnsidcrahle  difficulty  was  encountered  in  pn'paring 
imprcgnntisl  |mper  tn|H‘  that  would  permit  satis- 
fiu-tor>-  (torformuncc  under  varying  conditions  of 
temperature  and  humidity.  In  practically  all  if  not 
in  all  cases,  it  seemed  |to*sihlc  to  overcome  earlier 
diHieuiti(>s,  and  hy  late  spring  of  1015  the  ta|N>  re¬ 
corder*  were  Is-ing  usisl  in  field  trials.  Although  more 
op|Miri unity  for  comparison  of  the  pa|ier  tape  re- 
ismler,  using  its  now  most  satisfactory  paix-r  for 
mustanl  gas,  with  the  field  miNlci  elts*t  roly  tie  semi¬ 
automatic  titriineter  would  Is*  desirahle,  it  *ta>m* 
that  the  two  instruments  may  lie  capable  of  com¬ 
parable  uis-unu-y.  The  (taper  tape  reeonier  is  suffi¬ 
ciently  light  and  istmpnct  to  lie  employisl  in  eases 
whew  extreme  portability  and  completely  automatic 
operation  is  required.  Its  prineipnl  disadvantage  is 
that  no  immediate  information  can  lie  obtained  re¬ 
garding  concentration  and  dosage.  Tlie  putter  tape 
ns-onler  is  Itclicvcd  t«»  lie  a  satisfactory  and  useful 
insi  rumen’  for  obtaining  informatitm  in  rr*|teet  to 
tin*  rom-cht  rut  ions  of  a  given  sulistanec.  Tlie  mi*- 
cluuticul  features  of  the  present  instrument  npitcar 
to  lie  satisfactory,  altliiHigh  it  would  Is*  profitable  Pi 
undertake  further  instrumentation  in  respect  to 
features  of  convenience.  It*  application  to  proltlenm 
other  tlmn  those  considered  is  of  course  dejx-ndent 
iifton  the  develo|iment  of  suitable  impregnate!  pa|*'r 
tapes. 

M.J.S  Sensitised  Him  Mustanl  (im 

Hoi -order 

In  this  instrument  '"an  airs' ream  containing  inns- 
tar«t  gas  is  saturated  with  wntei  vapor  and  is  im¬ 
pinged  upon  e  sensitised  gelatin  film,  advanced  by 
chi: Uwork,  to  give  a  tnwe  of  silver  cliloridc,  ibis  etui 
Ire  developed  and  the  optical  density  related  In  the 
mustanl  concentration  of  the  sampled  air  through 
calibration  of  tlte  inslmment.  The  sensitive  film  is 
prepared  by  nunoving  the  silver  halide  emulsion 
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fnMii  standard  |MN*itiv«>  35*mm  movie  film  und  treat¬ 
ing  (tie  Iutl4*r  with  a  dilution  of  silver  |M*rchlomte. 
The  instrument  employed  ti  centrifugal  vacuum 
pump,  operutid  hy  a  small  O-volt  motor,  first,  to 
draw  air  over  methanol  and  through  a  combustion 
chamlsT  and  a  heat-dissipating  tills*  to  maintain  a 
constant  temperature;  second,  to  draw  in  the  air  to 
Is*  sampled  through  a  flow-regulating  capillary*  and 
then  through  a  water  saturator,  to  impinge  it  through 
a  jet  ti|Miu  a  wording  film,  and  then  ex|M*l  It ;  third, 
to  draw  clean  mustard-free  air  through  a  regulated 
leak  into  tls*  worder  container  to  maintain  a  non- 
contiuninating  and  notieomsling  ntmospls're  alsmt 
the  nsvlinuisms  and  the  film  which  is  not  in  tlic 
immnliate  region  ls*ing  exposed  to  tls*  sample.  Tls* 
film  is  advanced  hy  a  dock-driven  mechanism  at  tls* 
rate  of  3  indies  |kt  Inair.  After  exposure  tlie  film  is 
reinovixl  from  the  recorder,  waslsxl  free  of  silver 
perchlorate,  develo|sx|,  ivaslied,  anil  dried.  Photo¬ 
metric  correlation  of  the  net  light  alisorption  of  tls* 
tract*  with  known  mustard  gas  concentrations  per¬ 
mits  a  mtihmtion  cum*  to  Is*  constructed  which 
can  then  Is*  tistxl  to  convert  olwervetl  net  light  nl>- 
sorption  along  the  trace  to  the  mustard  gas  conccn- 
t  rat  ion  existing  ill  tls*  air  drawn  into  the  rrronler  as 
a  function  of  time.  Tims,  average  concent  nit  ion* 
over  a  S-  to  l-minute  sampling  peritsl  can  Is*  obtained 
from  the  curves  relating  concentration  and  time. 
TIm*  minimum  foncentmtiun  detectable  hy  tl«* 
instrument  wins  to  Is*  ls*|mv  I  «ig  of  mustard  gas  |s*r 
liter.  TIm*  film  ap|s*ars  hi  Is*  stable  if  knot  dry  and 
dark  anil  reasonably  cool  and  may  Is*  prepared 
weeks  ls>fore  use.  One  field  test,  of  the  reconler 
allowed  values  5.5  per  cent  Is'lou  the  average  total 
dosage  Isihhlcr  vnliM*  over  a  t-hour  period,  and 
hisirly  Vails'*  which  deviate  7.5  |s*rcent  from  lailibler 
vallM*s.  Two  otls*r  field  trials  showed  fair  correlation 
with  tls*  hijs*  worder  and  ImWder  metlssls  but  tlie 
trials  as  a  whole  were  not.  udc<|tintc  h*sts.  because  of 
its  late  development  it  was  not  possible  to  evaluate 
the  instrument  properly,  although  it  dis*s  np|sxtr 
tluit  in  principle  it  is  not  so  useful  as  the  {taper  tape 
worder  (Section  3H.3.I  i. 

•H». .1.5  IS  roly  tie  Mustard  (las  Recorder 

An  instruns'iit  was  devisixl  which  depends  ti|Hin 
the  pyrolysis  of  mustard  gas  hi  form  hydrochloric  acid 
and  the  estimation  of  this  latter  aulistuncc  culori- 
metrice.lly,"  This  instrument  does  not  require  tlie 
use  of  electric  power  in  that  the  mechanical  parts  are 
driven  bv  clockwork  ami  the  injector-lype  air  pump 


ncliiiited  by  butane  gas  subsequently  used  as  fuel  for 
the  pymlyting  unit.  The  sample  of  the  cotitnminah'd 
air  is  drawn  by  tin*  injector  through  a  quart x  tills*,  a 
portion  of  which  is  hcnt<*ri  by  a  gas  burner.  On 
{Missing  over  tin*  heated  {Million  of  tin*  tills*,  (la* 
mustard  gas  is  pyrolyxed  with  the  formation  of 
hydrogen  chloride.  The  aiirtrcam  is  then  {Kissed  over 
a  few  drop*  of  water  contained  in  a  depn*ssion  in  the 
tills*,  wlien*  tin*  hydrogen  chloriik*  is  {Kirtially*  til>- 
sorlsxl  The  sampling  and  nlworption  of  iIh*  hydrogen 
chloride  pna*eed*  for  a  fixed  |s*riisl  of  time  (1)  min¬ 
utes  if  the  15-minute  cycle  is  used),  after  which  the 
quarts  Mils*  automatically  sua|is  into  contact  with 
tin*  n*cording  drum.  11m*  latter  carries  a  chart  of 
alisorlsmt  |Mi|M*r  impn*gnnb*ri  with  Congo  red  and 
rtileil  with  n  water-re|s*lk*nt  material  into  vertical 
strips  alsmt  *h  inch  wide.  TIm*  quarts  tills*  impinges 
upon  the  drum  in  the  center  of  one  of  those  vertical 
strips,  and  as  soon  as  contact  is  made  with  the  |Mt|M*r, 
tin*  water  is  drawn  by  capillary’  action  through  a 
small  hole  in  the  tulM*  and  drained  out  onto  the  strip. 
Tin*  strip  of  indicator  is  colored  blue  to  u  length 
which  is  dependent  upon  tlx*  amount  of  hydrogen 
chloride  present;  hence  the  length  of  blue  measures 
tin*  concentration  of  mustard  gas  in  the  incoming  air 
sample.  After  remaining  in  contact  with  tlie  |m|M*r 
for  -4  or  5  minutes  to  allow  time  for  the  water  to  Is* 
completely  drained  the  IuIm*  liegins  to  move  away 
from  tls  drum,  and  shortly  thereafter  a  new  charge 
*»f  water  is  injected  by  a  small  pump.  Hie  cut  in* 
process  is  tlien  re|K>u(<*d  on  the  next  cycle,  the  record¬ 
ing  drum  in  tin*  meantime  rotating  to  bring  a  new 
strip  of  |Ht|N*r  into  position  for  the  next  record.  Tbo 
instrument  was  designed  to  iqiemtc  continuously 
without  attention  for  15  liiMirs  on  a  15-minute  cycle 
or  for  30  hours  on  a  30-minute  cycle.  TIm*  word 
charts  an*  iiImhiI  10  inelM**  long  by  1 1  jj  inches  high 
and  an*  divided  into  00  individual  n*conl  strip*. 
When  the  end  of  a  word  chart  is  reached,  the  in- 
st rumen t  s  chs-k  mndinnistn  automatically  stops  it¬ 
self. 

TIm*  fiM’l  ta'ik  holds  3'*  pounds  of  liqiirfinl  {*•- 
trok’iim  gas,  which  is  sufficient  to  supply  *!e  burner 
for  mon*  than  30  luairs.  TIm* latinne enters  the  burner 
through  an  aspirating  noxxle,  simultaneousiv  f<*  ::*  g 
the  flame  that  h(*ats  the  quartz  tills*  and  furnishing 
tin*  suction  necessary  to  sample  the  air.  Tin*  gas  is 
delivenxl  at  constant  pressun*  from  a  regulator,  pro* 
ducing  a  constant  sampling  rati*.  This  is  adjusted  i»v 
imtuis  of  a  rotameter  tlownu*t«*r  that  is  iuehidi  d  in 
tin*  suction  line,  thin*  adjusted,  the  instrument  holds 
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Mil  essentially  cor-xtuiit  (low  rule  of  nlxxit  0.5  Ipm  for 
I  Ik*  duration  of  the  sampling  peritxl.  ft  is  nerexsary 
to  set  tho  flow  rate  always  to  the  name  valor  sinre 
the  mustard  gas  concentration*  given  by  tlx*  cali¬ 
bration  charts  am  valid  only  at  the  sampling  rate  at 
wlii<*li  tin*  instrument  ix  calibrated. 

At  tlx1  end  of  a  period  of  xamplinK,  tlx*  record 
xheet  ix  removed  from  the  drum  and  fix'  record*  am 
mad  in  the  following  manner:  the  endx  of  each  blm* 
xtrip  am  marked  with  a  pencil  and  the  length  of  blue 
ix  tlx*n  measured  in  millimeters.  It  ix  now  iicccxxary 
to  ileterminc  tlx*  length  to  which  each  xtrip  wax  wet 
by  water  in  which  the  hydrogen  chloride  wax  al>- 
sorixd,  since  tlx*  length  of  blue  pnxluced  by  a  given 
amount  of  hydrogen  chloride  ix  infhx’nci'd  by  tlu* 
extent  of  wetting  of  the  xtrip.  Thix  ix  done  by  blow¬ 
ing  hydrogen  chloride  vapor  onto  tlx*  mcord  xlx*ct 
from  a  Ixittle  containing  dilute  hydnx*htorir  acid. 
Tlx*  acid  vapor  tumx  the  paper  bhx*  every wlx*m  ex¬ 
cept  at  tlx*  limitx  of  wetting,  which  appear  ax  pink 
lincx  against  a  blue  Uickgnsind.  Having  measured 
the  k*ngthx  of  wetting  in  millimeterx,  tlx*  average 
muxtanl  gax  eonmitmtion  during  each  15-minute 
(or  30-minute)  intemd  of  tlx*  xampling  peritxl  ix 
found  by  reference  to  o  calibration  chart  in  which 
muxtanl  gax  concentration*  an*  talxdatcd  againxt 
millimeterx  of  Mix*  for  vnriixt*  wetting  length*. 

A  calibration  chart  for  carh  quartz  tulx*  ix  fur- 
nixlied  by  the  manufacturer  of  the  inxtnimentx.  hitch 
individual  tulx*  requires  a  sc|*imte  calibration  chart, 
xince  tlx*  efficiency  of  ulwrnUion  of  tlx*  l.ylmgctt 
chloride  ix  dependent  upon  the  characteristics  of  the 
particular  tulx*  used.  It  ,*  not.  necessary,  however, 
that  a  quxrtr  tulx*  always  lx*  lists  I  in  tlx*  same 
machine  in  which  it  v.  s  calibmtetl,  since  tlx*  flow 
rate  at  which  different  machines  xiimple  is  set  at 
tlx*  same  value. 

Tlii*  mctmler  has  xevend  featun**  which  recoin- 
mend  it  ax  a  field  xampling  inxtmmcnt:  (I)  it  ix  a 
portable,  com|mct  unit  anti  require*  no  Ixutcriex  tir 
external  stxirce  of  power,  (2)  it*  operation  ix  units- 
malic  and  it  requires  no  attention  from  the  operator 
during  the  sampling  peritxl,  anti  (3)  a  time-tlelay 
starting  device  is  includetl,  by  which  the  instrument 
can  Ix*  set  to  start  automatically  at.  some  p:- de¬ 
termined  time,  from  •)  55  minute*  after  setting;  thus 
several  instruments  may  Ix*  set  by  one  oprmtnr  to 
lx*gin  recording  ximultnueixixly. 

Tlx*  pymlyzing  rts-onler  has  several  Ixtsie  faults. 
Tlie  indicator  action  ujxin  which  it  depends  ix  not 
s|M'cific  but  will  Ix*  given  by  any  compound  forming 


a  hydrogen  itulidc  by  pyrolysis.  Volatile  acids  affect 
the  indicator.  This  ix  a  marked  disadvantage  in  field 
assessment  where  acetic  acid  ix  lx*ing  used  in  bulddera 
placed  nearby.  The  quarts  tills**  are  fragile.  The 
ulixorptinn  of  hydrogen  chloride  ix  incomplete,  caus¬ 
ing  sufficient  corrosion  within  the  instrument  tluit  it 
may  fail  to  operate  correctly.  The  ilevice  ix  usable 
only  Ht-  concentrations  of  mustard  gax  up  to  50  jug  I 
and  at  concentrations  alxive  2-3  jag 4.  The  blue 
IxMindury  is  indistinct  so  that  large  residing  errors  are 
inevitable.  TemtM*mtun‘  ha*  a  marked  influents*  on 
the  wetting  of  the  |si|M*r.  The  apimratus  frequently 
skips  a  record  when  water  fails  to  drain  from  the 
quart*  tulx*  at  tlx*  time  of  making  contact  with  the 
rt*eord  chart,  pmlmhly  lx*cnu*e  tlu*  capillary  is  dirty 
or  air-lxxtnri.  Tlx*  instrument  samples  only  for  two- 
thinlx  of  tlx*  time  it  operates.  Thix  may  lead  to  a 
significant  error  in  calculating  total  dosage. 


M.t  mim;ki,i,\nkois  instri'MKNT* 

In  thix  xwtinn  several  instruments  an*  dcxrrilx*d 
which  were  flcveln|M*d  either  as  instrument  ill  aids  in 
the  lalxirntoiy  determination  of  muxtanl  gas  and 
otlx*r  chemical  warfare  agents  or  as  warning  devices 
intended  to  alert  exposed  personnel  to  the  presence 
of  significant  concentrations  of  certain  chemical  war¬ 
fare  agents. 

.KM.I  Hotentiomrcrh*  Determination  of 
Chloride  Ion 

Muxtanl  gas,  tlx*  nitrogen  muxtanl*,  and  a  numlxr 
of  other  chlorine-containing  chemical  warfare  agents 
may  lx*  hydrolyzed  or  oxidised  ts»  chloride  ion.  'lids 
latter  stilistnmv  ran  then  Ix*  determined  by  measur¬ 
ing  tlx*  potential  of  a  cell  composed  of  a  n*fen*nee 
half  cell  atxl  a  silver  silver  chloride  chloride  ion  half 
cell.1*  An  alternative  metlxxl  ix  the  conventional  |xi- 
tentiometric  titration  with  silver  nitrate  and  suitable 
titrating  and  reference  electnxh**.1' 

3*. 1. 2  Condiictimotric  Determination  of 
Hydrochloric  Acid 

Air  containing  muxtanl  gas  is  (Missed  into  a  cell 
containing  two  electrodes  und  maintained  at  a  tem¬ 
perature  of  80(t.  At  thix  temperature  tlx*  hydrolysis 
of  muxtanl  gas  ix  reasonably  rapid  and  tlx*  liydn*- 
rhlorie  aeid  formed  ran  lx*  determined  by  measuring 
tlx*  ronduetivity  of  tlx*  solution.  A  wording  milli- 
ammeter  in  a  !  10-volt  circuit  and  in  series  witli  the 
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o]<H*t  rotloM  provhle*  for  a  eontinwm*  record  of  tlu* 
amount  of  hydnsdiluri**  acid  formed  and  the  amount 
of  mustard  gas  intnslurcd  into  the  cell.*1 

SA.t.3  Automatic  Potentiometric  Donate 
Meter* 

An  instrument  wn*  developed  for  the  automatic 
detection  of  rum*  which  react  with  silver  ion  to  form 
an  insoluble  comp<Hind  or  complex  ion.*  In  thin  in- 
Htrument  air  containing  the  sulistanee  to  Is*  deter¬ 
mined  is  {Missed  t  lift  High  a  silver  silver  ion  half  cell 
and  pun*  air  passed  through  an  identical  silver -ailver 
ion  half  ••ell.  Tlie  complete  cell  is  connected  in  series 
with  a  mirror  galvanometer  through  appn*priate 
scries  and  shunt  irsldnncca.  When  the  concentration 
of  silver  ion  in  the  half  HI  through  which  the  con¬ 
taminated  airstrenm  was  passed  is  decreased  liy 
reaction  with  tlie  sulmtance  to  lie  determined,  the 
galvanometer  deflect*  and  a  I  sum  of  light  is  re¬ 
flects!  from  the  galvanometer  mirror  onto  a  photo¬ 
electric  HI  which  in  turn  actuates  a  relay  controlling 
a  time  indicator  or  some  other  .'ignal.  By  altering  the 
concentration  of  silver  i«m  or  the  extent  of  gnlva- 
nometer  deflection  needed  to  operate  the  photo  relay, 
the  instrument  can  Is*  used  to  indicate  the  attainment 
of  u  given  dosage.  The  limit  of  sensitivity  appears 
to  Is*  alssit  2XI0  7  mole  chloride  ion  or  15  mK  «»r 
mustard  gas.  A  variation  of  the  alsivc  instrument 
was  also  developed  for  tlie  detection  and  «letennifm- 
tion  of  sul (stances  which  mirt  with  hnsnine.  In 
principle  tlie  operation  of  this  latter  inst rumen!  is 
similar  to  that  of  the  automatic  titrimeter  «le- 
*crilo*d  in  Her  tarn  38.2.«.  An  airstrcom  containing  a 
low  and  contnilled  anusint  of  liromine  is  passed 
thnsigh  a  HI  cisitaining  a  *<!nt  inum  elect  nsle,  dilute 
sulfuric  and  hydnsdilorie  acids,  ami  a  0.1  if  silver 


nitrate  silver  reference  chat  nsle.  The  air  to  lie 
sampled  is  intnxluccd  into  the  bromine-laden  air- 
stream  prior  to  the  latter’*  entry  into  the  HI.  In  the 
alisenee  of  sulistanees  reacting  with  bromine,  tlie 
potential  of  the  HI  is  translated  into  a  definite  de¬ 
flection  of  a  mimir  galvanometer.  When  an  amount, 
of  suiwtanee  equivalent  to  the  Immune  present  t* 
intnslueed,  the  |silential  l**eomc*  aero  and  tls*  de¬ 
flection  of  the  galvanometer  is  altered.  Tlie  galva¬ 
nometer  is  arranged  to  operate  a  photi**lertrie.  relay 
so  that  when  excess  gas  is  present,  tin*  Huy  operates 
a  signal.  If  the  gas  concentration  drops  ls*low  tlie 
equivalent  bromine  concent  rat  ion,  a  potential  dif¬ 
ference  is  again  estuhlislied  and  tlie  signal  is  turned 
off.  Tlie  eriticul  concentration  minimi  lo o|s*rnte  the 
signal  may  Is*  set  at  any  desired  mustard  gas  con- 
cent  rut  ion  provided  that  it  is  greater  than  alsmt  0.2 
jig  of  mustard  gas  per  lifer. 

M.t.4  Automatic  Photoelectric  Dosage 
Meter 

An  apparatus  was  designed  *  to  record  the  attain¬ 
ment  of  pmletermined  dosages  of  mustard  gas  and 
other  chemical  warfare  agents  hy  taking  advantage 
•if  the  change  in  light  transmission  of  a  HI  containing 
a  reagent  which  would  reart  with  the  sulistanee  to  Is* 
determined.  Air  rontaining  the  sulistanee  is  passed 
thnsigh  a  HI  rontaining  a  solution  of  Congo  ml, 
silver  nitrate,  or  starch  and  potassium  iodide,  and 
superimposed  Irtween  a  light  ls*nm  and  a  photo¬ 
electric  Hay.  When  the  end  point  is  reached  the 
retoy  is  actuated  and  in  turn  it  operates  a  warning  or 
timing  •  lev  ice.  The  end  point  is  a  function  of  tlie 
concent  ration  of  the  sulistanee  to  Is*  «k*trrmim*d,  tls* 
amisint  of  reagent  present,  and  the  sensitivity  •  ■ 
plmtis'loctric  system. 
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,iv.i  inthoihction 

CHiNii  tiik  cnrnsK  of  World  War  II,  Sort  ion 
0.3  of  t  Im*  National  Defense  Research  <’om- 
tniltce*  [NDHC'j,  mnniilrml  n  nurnlsr  of  problems 
other  tlmn  those  relating  to  the  tlctcction,  identifica¬ 
tion,  and  field  a*si'**tiH'ht  of  chemical  warfare  agents. 
Thine  supplementary  problems  worn  concerned  with 
(I)  tho  iletcrmmntion  of  carlsm  monoxide,  (2  It  ho 
iletermination  ot  tin*  impregnltc  oontont  of  impreg- 
nntod  clothing,  (3)  the  trout  merit  of  water  contami¬ 
nated  with  certain  eliemieal  warfare  agents,  (4)  the 
determination  of  the  vapor  prrwaire  of  selected 
chemical  warfare  agents,  (5)  tlie  determination  of  Hie 
structure  of  certain  eliemieal  warfare  agyuts,  and 
(t‘>)  the  development  .,f  analytical  methods  for  the 
•'••termination  of  DDT.  TIio  last  topic  is  discussixl 

i.-  i’liapter  42  and  will  not  lie  considered  here. 

.19.2  DKTKR  Ml  NATION  OF  CARBON 

MONOX  I  l)K 

Divishai  0  sponsored  two  kinds  of  investigations 
on  tlie  determination  of  enrlsm  monoxide:  first,  an 
evaluation  of  method*  for  tlie  accurate  determination 
of  tlie  carlsHi  monoxide  present  in  so-called  standard 
samples  pto|Mircd  hy  tlie  Bumiu  of  Staniianls: 
second,  tlie  ilevolopmont  of  instrumental  methods  of 
analysis  suitable  for  use  under  field  conditions.  The 
"standard  sample*"  w*  u»  ntwemirv  as  standards  in 
this  sisHMid  phase  of  die  work. 

.19.2.1  Analysis  of  Carbon  Monoxide-Air 
Mixture  Standard  Sampta 

Tlie  analytical  nictliisls  used  for  determining  the 
n  ntonoxii'e  content  of  tlie  so-called  standard 
samples  were: 

1.  An  neidiinctric  metlnsl  in  wlileh  enrlsm  mon¬ 
oxide  ivas  oxidiacd  to  carlsm  dioxide  over  lloiN'alite, 
tin*  enrlsm  dioxiilc  nlisorlssl  in  standard  '  ;.mim 
hydroxide  solutiim,  mid  tlie  excess  alkali  titrated 
with  standard  arid.14?*** 

2.  A  gravimetric  metlusi  in  which  carlsm  mon¬ 
oxide  was  oxidis'd  to  carlsm  dtoxiile  over  Hopcalite 

(124)  f»KCi 
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at  105  <’  mid  the  carlsm  dioxide  eollceted  in  a 
weighed  tulie  charged  with  Ascarite.M”M 

3.  An  itslomctric  met  hist  in  which  carlsm  mon¬ 
oxide  was  allowed  to  react  with  iisline  ismloxide  at. 

140-  ISO  (*,  tlie  iisline  formeil  I  sang  enlicetcd  in  po- 
tassium  itslide  mid  til  rail'd  with  standard  thiosulfate 
solution.14** 

4.  A  second  gravimetric  metlnsl  in  whieh  enrlsm 
monoxide  was  allowed  to  renet  at  175  200  C  with 
mereurle  oxide  contained  in  a  ivciglicd  tuls>  mid  de¬ 
termining  the  loss  in  weight  arising  from  tlie  reaction, 

CO  (gas)  +  IlgO  (solid)  — ►<*<>,  (gas)  +  llg(gus).* 

Xtimcnsts  analyses  were  made  v-mg  the  metlasls 
ilescrils'd  alsive  and  it  was  i «inr,<itK..l  t hat  the  mer¬ 
curic  oxide  met  Iasi  was  not  <mly  tin*  simplest  Imt  the 
most  reliable  of  those  investigated  for  tin*  analysis  of 
carlsm  monoxide  tur  mixtures.  v\ 

19.2.2  Instrumental  Mctliods  for  De¬ 
termining  Carbon  Monoxide  in  Air 

Initially  tin*  nbjivtive  was  to  ilevelop  a  simple, 
portalile  instrument  which  nsild  Is*  used  in  tlu»  fh'ld 
to  iletermine  rimrcntrations  of  carlsm  monoxiile  in 
tlie  range  of  0.01  0.1  per  cent.  It  was  intended  that 
this  apiKiratu*  ls>  used  as  a  test  instrument  to  de¬ 
termine  tlie  amount  of  carlsm  numoxide  arising  from 
the  firing  of  weapons  in  endors'd  places  such  as  ships, 
gun  turrets,  tanks,  and  fortifications.  Interest  gradu¬ 
ally  sul wided  in  tlie  original  goal  .uwl  shifted  to  the 
pnthk'in  of  determining  enrlsm  monoxiile  in  air|)lane 
ealiins  where  tlie  chief  source  of  tlie  gas  is  engine 
exhaust.  Tliis  change  «»f  objective  imposed  a  different 
set  of  conditions  in  that  it  iieeame  important  to  Is* 
ubk*  to  deti'rmine  carlsm  mimoxide  in  tls*  presence  of 
liydroearlsms.  In  additiim  it.  was  neeessmy  to  de¬ 
termine  markedly  lower  concentrations  of  carlsm 
numoxide,  and  to  ls>  able  to  operate  tlie  instninu'tits 
under  greater  variations  of  teni|s'rntiiro  mid  bum* 
mi'trie  pressure,  these  variations  Irning  sudden  and 
•spurring  constantly  nither  titan  ls*ing  seasonal  iuul 
relatively  slow.  TTi«'  dianieterlsties  desired  were  the 
following:  (I)  range  of  concentration  determinable, 
for  tls*  Army  0  0.4  t.  fo-  «  Im*  Navy  0  O.IW  ^ 

per  cent ;  (2)  limit  of  error,  O.ottf  |s*r  ci-iil.  carlsm 
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monoxide;  (3)  mar  and  weight  of  instrument,  fix 
0x5  inrium,  15  pounds  or  less;  (-1)  time  of  response1, 
reliable  wading*  in  3  1  minutes  or  less;  and  (5)  maxi* 
mum  power  available,  300  watts  for  the  Army,  30 
watts  for  tin*  Navy. 

'Ha1  instrumentation  program  sponsored  by  Di¬ 
vision  9  was  directed  toward  tho  exploitation  of  four 
reactions  exhibited  by  rarlsm  monoxide.  These  were 
(I)  the  exothermic  oxidation  of  rarlsm  nwmoxuie 
over  llopcalite,  (2)  tlie  reduction  of  mercuric  oxi<le 
to  mercury  by  carlsm  monoxide,  (3)  tlie  reduction 
ol  (simplex  palladium  salts  by  earl  ion  monoxide,  and 
(4)  the  formation  of  carl  sin  monoxy  hemoglobin.  Tlie 
instillments  dcvelojxxl  were  either  of  tlie  thermo¬ 
metric  or  colorimetric  type. 

TiiKRMoMrrmic  Ixsthi-mkxts 

In  tlie  exothermic  oxidation  of  carlsm  monoxide 
over  llopcalite,  measurement  of  the  lient  of  reaction 
provides  a  means  of  determining  the  concentration 
of  rarlsm  monoxide.  This  principle,  previously  em¬ 
ployed  in  an  instrument  developed  by  tlm  Mine 
Safety  Appliance  Company,  was  given  further  con¬ 
sideration.  A  simple  tliermometric  apparatus  was 
developed  '  in  whieh  air  was  passed,  at  the  rate  of 
1.5 1pm,  thnsigh  a  cell  containing  1  g  of  llopcalite. 
11m  heat,  of  oxidation  of  earism  monoxide  caused  a 
rise  in  temimrature  \vhleh  was  measured  by  a 
specially  designed  mercury-in-gfass  tliermometer 
plarcd  immediately  als.ve  the  catalyst.  The  rise  in 
ti>m|s<mtiire  was  found  to  1s>  proportional  to  the 
concentration  of  earism  monoxide  in  tlie  entering 
gases  and  the  device  was  capable  of  measuring  wm- 
centmtions  of  earism  monoxide  imtwccn  0.01  0.1 
js>r  cent  in  steps  of  0.0b  *>r  cent.  This  simple  device, 
which  failed  to  meet  o|s>mting  requirements,  was 
mislificd  in  an  attempt  to  obtain  a  satisfactory 
instrument. 

In  tin*  nuslificd  instrument,*  air  flowing  at  the 
rati1  of  1.5  1pm  was  |tnssed  through  a  20-lisit  cop- 
|s>r  coil,  thnsigh  tls1  catalyst  and  unsind  tls*  flier- 
me  net  or  bulb.  ‘Hie  als.ve  assembly  was  enclosed 
in  an  electrically  licatcri  tliermostat  which  nmtrt.lM 
tlie  amliicnt  tcm|s>rature  to  within  0.1  (\  TIh> 
memiry-in-giass  tts>rmometer  was  equipped  with 
platinum  nsitacts  placed  at  intervals  along  tls*  stem. 
Tls*  thermostat  was  adjusted  so  that  al  thermal 
equilibrium  the  mercury  tbmul  just  completed  the 
circuit  twtwocn  the  first  mid  second  contacts.  The 
higlter  contacts  were  spaced  to  correspond  to  tem- 
)s>ratun>s  attained  during  the  oxidations  of  selected 


nmcentmtiisisid  carlsm  moiioxidc.  When  tin1  circuit 
was  completed  through  the  higlier  contacts,  a  light, 
meter,  or  relay  was  actuates!.  Unfortunately  it  was 
not  found  (sissihle  to  pttus1  contacts  closer  to  each 
otls'r  ttum  alsmt  0.5  di>gnsi.  with  flic  result  that 
(s.iKsmtratioiis  ismtd  Is1  determined  only  in  steps  of 
alsait  0.0 1  per  cent. 

In  view  of  the  need  of  greater  sensitivity  it  was  de¬ 
cided  to  tdmndon  tlie  use  of  menniry-in-glass  ttier- 
mometers  and  to  develop  a  t levies1  in  which  tlie 
temperature  was  measureel  by  resistance  tliermom- 
eters.”  Tills  latter  Instrument  esmsistesl  of  four  com¬ 
ponent*:  (I)  tlie  main  instrument  case,  (2)  an  indi¬ 
rating  meter,  (3)  the  elrirr  assembly,  and  (4)  a 
suction  gauge  anil  regulating  valve.  Tlie  main  in¬ 
strument  case  eontaineel  tlie  reaction  cedi  anel  heat 
exchanger  Is.th  in  a  rommim  t  Is*  rm.  .stated  housing. 

The  ceil  design  was  of  the  parallel-flow  tyts1,  in 
which  the  influent  gas  stream  was  divided  into  two 
parts.  ( hie  part  wnspnMs-d  through  the  catalyst  charge 
wlierc  tlie  heat  of  oxidation  was  effective  in  raising 
the  temjH'mture  of  a  pair  of  resistance  thermometers. 
The  otlier  part  was  passed  thnsigh  a  charge  of  ad¬ 
sorptive  Isit  noncabdytic  material  (Oilumbla  acti¬ 
vated  earism)  exposed  to  a  second  ptdr  of  id(*ntical 
n>sistanee  thermometers.  Each  id  the  fisir  resistance 
tliermometers  constituted  one  ami  of  a  Wlicatstone 
bridge  normally  operated  at  constant  applied  voltage 
Tlie  disposiiiim  of  the  oxidathm  iind  reference  ther¬ 
mometers  was  such  as  to  nutse  maximum  hridge  tin- 
isiluiict1  for  a  given  temperature  difference.  Any 
difference  of  tempemtun1  is'twceti  the  two  pairs  of 
thermometer*  caused  a  current  to  flow  thnsigh  tin1 
miemammoter  ronnertrd  aemss  the  hridge  points. 
In  tlie  oxidation  of  earism  monoxide,  this  current  is 
pmportiomd  to  I  lie  concent  rut  it  n  of  carlsm  monoxide 
ls>ing  oxidixed.  Tlie  use  of  the  pavallel-llmv  tyjs*  of 
cell  made  it  possilile  to  eliminate  sulistantiully  ad* 
sorptiisi  effects  due  to  gasoline  va|sir,  earism  dioxide, 
and  similar  gases  and  vapors,  by  pnslucing  equivalent 
lients  of  adsorption  simultaneously  in  each  cell 
cbumls  r.  Tls1  desiccant  used  was  indicating  Dricritc. 

Tlie  total  weight  of  the  four  comjsmcnts  including 
3-fis.t  lengths  of  MSA  (lexihle  tune  was  alsmt  20 
pounds  of  which  13*2  pound*  was  in  the  main 
instninicnt  mse  assembly.  The  main  instnimenf  case 
measured  O^^xObixO  inches,  and  the  indicating 
meter  unit,  1*2*  I,2x2ts  inclic*.  Ill  order  to 
make  comlHist ion  conditions  iiiiic|S‘iulciit  of  ambient 
tempemtun*  variations,  the  entire  tliermometric 
hridge  was  enclosed  in  a  therm. .stated  bousing  inain- 
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Initial  lit  approximately  50  (*  and  controlled  by  a 
Fwiwiil  thcrmoswitch.  The  influent  gas  w*  passed 
tliriHiicIi  a  suitable  heat.  exchanger  also  controlled  at 
this  temperature. 

This  direct-indicating  earl  ton  monoxide  instrument 
was  at  (Ite  Instrument  Development  Imlxim- 
tory  of  tin*  Naval  Air  Kxperimentnl  Station,  Phila¬ 
delphia  Navy  Yard,  to  obtain  information  on  tin* 
altitude  anil  temperature  ehn  met  eristics.  It  was 
f«Min<l  that  the  instrument  performed  satisfactorily 
as  indicated  by  aero  and  caliltmtion  checks  made 
lieforc  and  after  the  flights.  This  instrument  was  also 
cheeked  against  the  standard  cylinders  of  rorism 
monoxide  air  mixtures  obtained  from  the  Hureatt  of 
Standards  and  results  could  Ite  rend  to  ±0.01)1 .  Tims, 
it  is  clear  that  Itoth  the  precision  ami  accuracy  of  this 
instrument  arc  high. 

('oKotuMtrntir  Ix'htkcmknth 

A  lightweight,  compact,  portable  instrument,  de- 
pcmlent  upon  the  reduction  of  mercuric  oxide  at 
175  200  (‘  by  carism  monoxide  and  sultsmpient  esti¬ 
mation  of  (lie  lilmroted  mercury  with  a  selenium 
sulfhle  test  paper,  was  develojtcd  on  a  contract 
sponsored  by  Divisam  0.M  Ie  this  instrument  tlie 
sample  was  drawn  into  a  cylinder  hv  raising  a  plunger 
manually  and  tlien  allowing  the  plunger  to  return  to 
its  initial  |Misitinn,  thus  forcing  the  sample  through  a 
reaction  tula*  charged  with  a  specially  prepared 
mercuric  oxide.  The  reaction  1ul*e  was  maintained  at 
175  200  (’  by  means  of  a  thermostnted  (waving.  The 
gases  issuing  from  the  mercuric  oxhle  wme  were 
pnv«cd  through  an  unlioitcd  arm  of  tiro  reaction  till*1 
and  allowed  to  impinge  upon  a  strip  of  selenium 
sulfide  test  |m|ier  amKincd  therein.  The  presence  of 
mercury  caused  a  blackening  of  tlie  test  paper  and 
the  length  of  tin*  stain  was  found  to  lie  proportional 
to  the  carism  monoxide  content  of  the  sample. 
Thnmgh  tlie  use  of  rnlihmtcd  pn|x*rs  containing  ap¬ 
propriate  concent  rat  ii  ais  of  selenium  sulfide,  measure¬ 
ment  ctut  Is*  made  over  tlie  range  of  from  O.t)  3.0  |ier 
amt  carism  monoxide  with  a  relative  accuracy  over 
thccntivemngcnf  A  It)  |*>r cent .  Tlte t ime raptired  for 
ft  determination  was  approximately  .1  minutes.  Wlten 
carism  monoxide  free  air  was  passed  through  tlie 
upiMimtus,  a  blank  equivalent  to  aissit  2  ppm  «>f 
carism  monoxide  resulted  from  the  tliermal  <li*s<s'i- 
fttion  of  the  mercuric  oxide.  Tin*  chief  sourres  of 
error  appeared  to  lie  the  magnitude  of  tlie  blank  and 
the  sharpness  of  tin*  Isitmditry  of  the  stained  area  on 
the  test  ihijst.  However,  this  slmrpn»>ss  increase: I 


with  increasing  selenium  sullide  content  of  the  test 
tm)M<r.  Tlie  alsive  instrument  satistiai  all  operative 
re<|uirements  and  was  a  truly  portable  instmment 
in  that  it  was  light,  eompaet,  simple,  mid  easy  to 
»H>emto.  Wlien  it  was  testis!  with  standard  enrlmn 
mtmoxide  air  mixtures  it  was  found  that  its  precision 
was  high  and  its  accuracy  was  well  within  10  |s*r 
rent  of  tlie  true  values. 

A  phot  cs>la*t  rie  instrument  Isisal  upon  tlie  reduc¬ 
tion  of  either  puitadous  sitieomolylsiate  or  palliuious 
silieotungstnte  by  carism  monoxide  was  developed."1 
In  this  instrument  silica  gel  impregnated  with  otic  of 
the  aisive  palludous  salts  was  transferml  fnmi  a 
hopper  into  a  cell  placed  lietween  a  light  tuul  a 
phot »K'lcet tie  cell.  Tiie  meter  was  mijusted  to  sent, 
the  sample  passed  at  a  predeterminnl  rate  mid  for  a 
selected  time  thnmgh  the  cell,  and  the  change  In 
tight  intensity  arising  fn.m  the  change  in  transmis¬ 
sion  through  the  cell  olieervod  on  a  calibrated  milIU 
ammeter.  Tlie  instmment  was  so  constructed  as  to 
permit  tin1  ready  cliiniiuitioii  of  the  exhnilstal  indi¬ 
cator  fmm  the  test  cell  and  the  intnsluetum  of  a 
fresh  eliarge.  Pnivisiim  was  also  made  for  the  con¬ 
venient  control  of  flow  rate  and  sampling  time.  With 
paltmliHis  silieomolylsla*e  gel.  the  range  of  tlie  In¬ 
strument  was  0.001-0.5  per  amt  carism  monoxide 
and  with  palladims  siliaitungstate  gel,  0.05  1.0  per 
cent  ntrism  monoxiile.  Kqiiipixxl  with  a  silica  g*i 
trap  in  the  sampling  line  the  instrument  appeared  to 
I m  reasonably  specific  and  the  sensitivity  met  Service 
ra|iiiremetits.  Altlumglt  tlie  alsive  instnimeit  np- 
|s>aretl  to  satisfy  Service  mptirements  preferen  x>  was 
given  to  otlier  instruments. 

The  reaction  of  carism  numoxide  with  lienutplohin 
to  form  rarism  numoxyliemogloliin  was  invent  igatal 
with  the  intent  of  developing  an  instrument  utilising 
this  nmetion.  Although  considerable  information  was 
olitaimxl  relative  to  the  speetrophotometrie  iletermi- 
mitiim  of  Immoghtliin  derivatives  and  altlumgh  a 
simple  phot  oeleet  rie  colorimeter  was  develop* *d,  it 
was  amehidat 11  that  tlie  hemogloiiin  reagent  was 
tis»  unstable  to  permit  its  use  and  that  otlier  methods 
of  analysis  were  sti)s>rior. 

11m  ilesire  of  tin*  Armal  Servia’s  to  liave  at  hand 
an  instninsmt,  usalite  ttmler  flight  conditions,  which 
would  indicate  tlie  concentration  of  carism  monoxide 
present  during  relatively  short  time  intervals  up|M*uri 
to  have  Ik*oii  satisfied  in  flu*  development  of  the 
I/xxis  and  Norihrup  tliermometric  instrument  *’  and 
the  Heckman  ailorimctric  instrument.*  already  dc- 
scrils'd. 
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•iv, 2. 3  Detection  of  Curtain  Monoxide  x»xlium  thiosulfate.  Tin*  presence  ««f  iixlitic,  detected 


In  the  cfxirac  of  investigation*  on  the  dctcrmina- 
(ion  of  cnrlxm  monoxide,  information 

wax  obtained  relative  to  the  detection  of  this  gas. 
Although  a  nemlx-r  of  different  snljstaneoa  wen* 
studied  « '*  none  hud  the  versatility  of  the  pallndou* 
xilieomolylxlnte  indicator.  It  would  appear  that  with 
the  availability  of  tin*  Bureau  of  Standards  indicator 
using  this  reagent  and  (lie  Fumlxtnxtgh  f HAP)  dc- 
teetor44  which  in  a  dipotasslum  iwlliulium  disnlfitc 
impregnated  silica  gel,  it  can  l»e  stated  that  tiie  prolw 
Icm  of  tlie  detection  of  cnrlxm  monoxide  is  well  in 
han«l  provided  adcniiutc  filtcix  an*  included  to  remove 
hydnxiirlx*i  gases  and  other  reducing  material*.  The 
carl  ion  monoxide  indicator  provided  in  the  rhemieal 
Warfare  Service  M-ft  detector  kit  i*  not  tulcquntc  in 
•his  respect. 

.W..1  DKTKH  Ml  NATION 

OF  IMI'HF.ONITK  CONTKNT 
OK  IMrRKGNATKI)  OljOTIIINt; 

Tlic  determination  of  “nntivesieanta”  in  impreg¬ 
nated  clothing  wax  an  important  routine  determina¬ 
tion  in  the  development  and  xurveillancc  of  thix  type 
of  garment.  A*ide  from  pmecxlnrex  xuitahle  for 
lalxirutury  uxe,  metiuxlx  were  needed  which  could  lie 
uxed  at  depots,  on  xhipIxNird,  and  in  the  field. 

av.l.t  laboratory  Methods 

Since  all  of  the  impregnitrs  uxed  in  impregnated 
clothing  wore  chlummidcx,  a  ximple  uxlometric  titra¬ 
tion  wax  iultH|uatc  tor  tlx>ir  estimation.  The  impreg- 
nite  wax  extracted  with  a  xuitoHe  solvent,  potawium 
iixlidc  wax  added,  and  tin*  lilicmtcd  itxiine  titrated 
with  thiosulfate.1" 

■iv.3.2  Field  \fethodx 

Meld  meth<xl*  were  of  two  general  typex.  In  one, 
that  of  tlio  Army,  no  attempt  wax  mink*  to  determine 
the  actual  impregnite  content  txit  the  metlxx!  wax 
suitable  for  tin*  indication  of  the  prexenee  or  nliscnee 
of  .i  predetermined  Impregnite  content.  In  the  other, 
tlx*  Navy,  the  actual  amount  of  impregnite  pn>scnt 
in  a  given  area  of  cloth  wax  determined. 

A  nil ti  ftrlhwl.  The  methixl  used  by  the  Army  wax 
based  it|xm  the  reaction  of  the  eliloramide  with  po- 
taxxium  xxlide  and  tlx*  suliscqucnt  reaction  ,f  the 
|itx>mt«xi  iixline  with  a  predetermined  amount  of 


vixnalty  or  with  tin*  aid  of  a  pa|x>r  impregnated  with 
xtatvh,  xerved  to  indicate  the  ptvsenec  or  nlwence  of  a 
predetermined  amount  tif  Impregnite.4410*'-4*  A  kit 
wax  developed  which  permitted  these  o|x>rationx  to 
lx*  conducted  tinder  field  conditions.1™ 

Xnry  Melhml.  A  metlxx!  wax  develop'd  for  deter¬ 
mining  the  impregnite  content  of  cloth  which  wax 
Imscd  upon  meaxurement  of  the  heat  lilx'mtcd  in  the 
retu'tion  (n't ween  the  chtommidc  impregnite  and  a 
mustard  gnx  simulant  xtielt  ax  phcnylhydmainc.* 
It  wax  fixind  that  tut  approximately  linear  relation¬ 
ship  exists  I x>t wet'll  the  amount  of  heat  developed 
and  the  impregnite  content,  of  the  cloth.*-44  This 
metlxx  I  wax  not  conxitlcrcd  suitable  for  field  use  by 
the  Army  *  Ixtt,  ax  it  appeared  to  offer  considerable 
promise  for  uxe  on  xhiplxmrd  anti  in  routine  texting, 
its  development  through  improved  instrument  at  inn 
wax  undertaken.14  Two  different  types  tif  inxt  rumentx 
were  d(*xigtte<i ,T  for  use  in  the  rapid  evaluation  of  the 
protective  capacity  of  impregnated  clothing.  These 
instruments  were  Ixiilt  for  uxe  with  a  specified 
arntxint  of  reagent,  on  a  definite  area  of  clothing 
which  wax  thermally  xhieklwl  and  separated  by  a 
fixed  distance  from  a  woven  wire  electrical  resistance 
thermometer  element.  Tlie  tcm|>rnitiirr  rise  wax 
measured  by  means  of  differential  electrical  resistance 
tlx'rmometerx,  the  elements  of  which  were  cemented 
t<»  tin*  underside  of  gold  caps.  The  thermometer  unit 
wax  insulated  ftr«»m  the  thermometer  housing  by  the 
short  Ixikelite  (nix'  supporting  the  gold  cap.  Tlie  uxe 
of  the  two-element  differentia!  tlx'rmometer  provided 
com|x<nxntion  for  ambient  temperature  changes.  The 
temperature  rise  wax  indicated  by  the  deflertion  on 
the  mieriximmeter  scale.  In  measuring  tlx»  tem¬ 
perature  rise  in  this  particular  instrument,  the  cloth 
is  held  rigidly  by  means  of  a  plastic  rap  on  the  collar 
which  surrounds  the  gold  cap  of  the  “hot"  aide.  Tlie 
cloth  is  thereby  maintained  at  a  fixed  distance  above 
tlx*  gold  cap.  This  makes  it  possible  to  make  many 
measurements  without  the  trouble  of  cleaning  the 
gold  nip  after  each  m«*nsuremont.  Tlie  limit  of  error 
of  the  direct-reading  instrument  was  ±0.1  g  chloride 
ion  cm*  X  HI*  and  the  limit  of  error  of  the  simplified 
instrument  was  +0.2A  g  chloride  ion  cm*  X  10*. 
Tla*  Navy  found  these  instruments  to  lie  satisfactory 
for  their  intended  pur|x*se  and  purchased  a  numlx'r  of 
tlx*  direct-rending  ty|X'. 

fW/irr  Mrthn In.  For  pnrjxixcx  of  record,  attention  is 
calk'd  to  other  metlxsis  suggested  for  determining 
the  impregnite  content  of  i  loth.4  3‘* 
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M  l  TRKATMKNT  OF  WATKR 
CONTAMINATED  WITH  CERTAIN 
CHEMICAL  WARFARE  AUKNTS 

Considerable  effort  was  expended  in  investigntittns 
relative  to  the  treatment  of  water  contaminated  with 
certain  clietnietil  warfare  agents  in  «ml«*r  tlmt  Midi 
water  might  la*  made  potable.  The  investigation* 
included  a  study  of  tlie  chemistry  of  certain  chemical 
warfare  agents  as  water  contaminants,  the  develop¬ 
ment  of  analytical  methods  suitable  for  control  pur¬ 
poses,  actual  wafer  treatment  procedures,  and  Jt 
study  of  tlie  effect  of  cliemical  warfare  agents  on 
ai|iiatic  life.1'"* 

M.M  Chemistry  of  Certain  Chemical 

Warfare  Agents  as  Water  Contaminants 

Tlie  development  of  rational  treatment  procedures 
was  dependent  upon  having  adequate  information  in 
resped  to  the  hydrolytic  and  oxidative  reactions 
ediile*  -i  I  y  chemical  warfare  agents.  This 

niton  . . .  i  ,**d  for  the  more  common 

chemical  «  .»•«•  „  **ts. 

Mnrtnnt  (>a*  and  lltlalrd  Compound**  The  hy¬ 
drolysis  of  mustard  gas  was  studied  and  it  was 
found  tlmt  the  nontoxic  thiodiglycol  (TCI)  and 
♦he  toxic  stilfonium  salt  from  2  moles  of  thiodiglycol 
ami  I  of  mustard  (11-21X5)  are  formed  in  varying 
proportions  tlcpending  upon  tlie  conditions  em¬ 
ployed.  Tlie  conditions  for  tlie  oxidation  of  mustard 
gas  and  its  hydrolysis  products  were  also  investigated. 
The  oxidising  agents  employed  included  chlorine 
water,  hy|Mirhlnrites,  osone,  hydrogen  |x*mxxk*,  and 
llalnsone.  Ail  tliese  agents  readily  and  rapidly  con¬ 
verted  sulfxlcs  to  sulfoxides.  Further  oxidation  to  tlie 
sulfone  is  rapid  wit*,  chlorine  ami  Hulaaonc,  but 
requires  considerably  longer  time  or  more  vigorous 
conditions  with  the  other  oxidising  agents.  Chlom- 
miue-T  reacted  with  mustard  gas  to  form  an  insolu¬ 
ble,  stable,  moderately  toxic,  sutfilimine  derivative; 
Tt5  and  11-21X5  were  oxidised  to  tlie  sulfoxide  by 
this  reagent.  Tlte  slightly  toxic  sulfoxide  of  mustard 
gas  was  extremely  stalde  in  water  under  all  condi¬ 
tions.  Tlie  slightly  toxic  but  vesicant  sulfone  of  mus- 
tanl  gas  was  unchanged  after  17  days  in  distilled 
water  at  mom  temperature.  In  weakly  alkaline  solu¬ 
tion,  tin-  sulfone  rapidly  lost  hydrogen  chloride  to 
give  divinyl  sotfone.  I  )i vinyl  sulfone  was  highly  toxic 
iiitnuniisi-ularly  and  extremely  lachrymatory,  but  in 

*  Tltc  rcnciittns  in  wntrr  nf  Hit  sulfur  tout  ni'rufm  mils* 
titrsl*  *•  *"  *  •*>“  arc  rcviewcil  in  <icttiit  in  tliiuitw*  ttt  amt  2U. 


aqueous  solutions  at  HIO  ppm  it  was  innocuous.  Cm- 
|xiln  table  hut  nontoxic  thiodiglycol  was  readily  oxi¬ 
dised  to  the  nontoxic  sulfoxide,  which  tuts  practically 
no  mlor  or  flavor.  Further  oxidation  gave  tlie  non- 
tuxle  sulfime  which  lost  water  middy  on  heating  or 
slowly  on  imiling  in  water  to  yield  nontoxic  thioxatic 
sulfotu*.  11m>  toxic  sttlfonium  salt,  tl-2Ttl,  was 
slowly  hydrolyat*d  to  thiisliglycol  at  nxxn  temper- 
ature,  Ixit  rapidly  in  boiling  water.  The  nonvesiciuit 
mulily  oxidisubie  potysulfidcs  in  f/wittstein  mustard 
make  this  material  markedly  more  |x*raistcnt  than 
pun*  mustard  gas  in  contact  with  water.  An  attempt 
to  prepare  a  chlorinated  disulfide  led  instead  to 
excellent  yields  of  £-chlorocthy!sulfinyl  chloride,  tlie 
postulated  intermediate  in  the  formation  of  mustard 
gas  from  ethylene  nnd  sulfor  chloride. 

Suspensions  of  6fx(/}M<ldoroethylthioethyt)  etlier 
(T)  undergo  hydrolysis  at  alMiut  half  the  rati*  of  mils- 
tard  gas  to  give  a  complex  mixtuic  of  DIM  |x>sitivc 
stilfonium  salts.  No  T  glycol  can  lx*  iletecteil  in  the 
hydmlyxutc.  Tlx*  DIM  positive  stilfonium  salt  of 
T  with  2  mok*cuk*s  of  IX J  was  pn*|ximl  and  studied. 
T  sulfone  as  well  as  tlx*  two  diastemiisomerie  forms 
of  T  sulfoxkk*  were  also  prepaml  nnd  clmnietoriaed. 
Tlx*y  an*  much  less  toxie  than  T.  It  was  concluded 
that  the  DIM  tests  incorporated  in  the  two  ( 'hemical 
Warfare  Service  water-testing  kits  will  ilctcet  toxic 
concentrations  of  T  stilfonium  salts. 

6»*fAf  ’hlonx*t  hyll  (lio)ct  bane  (sestiuimustanl,  (J)  is 
extremely  insoluble  in  water  and  its  rate  of  dissolu¬ 
tion  is  far  less  tluui  that  of  eitlx-r  mustard  git*  or  T. 
It  wisdd,  therefore,  constitute  a  much  k*ss  serious 
problem  as  a  water  contaminant.  From  its  rate  of 
hydrolysis  in  nqttcous  diuxnnc,  it  is  evidently  alsHit 
twice  as  reactive  as  T  anti  nlsxit  ftsir  times  ns  n*- 
aetivt*  as  mustard  gas.  Rats-  factors  rrlatetl  to  flu* 
mt*elmnism  of  hytlrolysis  of  tlx*  mustards  anti  related 
thitxliglyeol  stilfonium  salts  were  stixlied.  Q  was  con¬ 
verted  by  oxidation  to  tlx*  two  tliastereoisonit'ric 
disutfoxidcs  iuiiI  to  tlx*  sulfisx*,  anti  aiialogiais 
prtsluets  were  prrpanxl  from  Q  glycol  and  iroin 

glycol  dilx-nxottic.  Tlx*  oxhlntion  products  of  (J 
anti  ($  glycol  wen*  found  to  lx*  n*lntively  nontoxic. 

Xilrogrn  Mmdnnh.u  A  study  was  undertaken  on  tlx* 
action  of  tlx*  three  nitrogen  mustards'***  as  water 
cimtaminnnts,  Tlx*  niitun*  of  tlx*  hydrolytic  trails- 
format  i< hi  pnxlucts  wits  correlated  with  ex|H*rimcntal 
ol»scrvutiotis  on  tlx*  changes  in  tlx*  toxicity,  tlx*  cast* 
of  adsorption  on  activated  earlxai,  tlx*  tleieelitm 
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the  ease  of  chlorination  of  these 

Afivnimt*."-*  Arsenical#  containing  fripositive 
arsenic  nreh.vdmlygrd  practically  nti*ly 

on  contact  with  water.  Lewisite  frequently  forms 
hurt  I  tump#  which  consist  of  a  polymeric  modifimtion 
--  of  the  oxitle.  Solution#  of  tlie  arsenical  agent#  are 
readily  oxidised  to  tin*  corresponding  aritl#  with  a 
mark'll  decrease  in  toxicity.  Further  oxidation  is 
difficult.  lewisite  may  lie  readily  removed  l*y  ad¬ 
sorption  on  activated  curium,  lait  it#  arsenic  acid  i# 
difficult  to  amove  in  thi#  manner. 

Cganngen  ('Morale  **  The  hydrolysis  of  cyanogim 
ehkiritlc  in  water  i#  a  lm#c-cut(dyacri  reaction  with  a 
half-life  time  of  18  htstr#  at.  pH  8  and  of  180  hour#  at 
pit  7.  Phosphate  ion  arcclemtc#  the  rate  of  hydroly¬ 
sis  In  dilute  solution,  ammonia  ha#  little  effect  on 
cyanogen  chloride,  Init  sulfitle  ion  react#  rapidly  to 
form  thiocyanate.  Hypochlorite  rapidly  destroy# 
cyanogen  chloride  and  thus  is  a  satisfactory  rtccon- 
tnminnnt .  The  chlorine  demand  of  cyanogen  chlorhle 
is  equivalent  to  that  of  the  ammonia  which  would 
lie  formed  liy  it;;  hydrolysis.  Thi#  agent  i#  poorly  re¬ 
moved  liy  the  liest  water  tn<ntment  car!# ms,  l#it  tlie 
wlteth'rites  are  remarkably  effeetlve  In  It#  removal. 
Thi#  action  appear#  to  lie  a  chemical  degradation 
rather  than  an  adsorption.  ( .yanogra  chloride  i# 
considerably  more  toxic  to  fish  than  any  of  tin*  other 
rhemien)  warfare  agent#  tested  in  thi#  manner. 

Fluorine  (\mpounih.nM*M  Diisopropyl  fluoro- 
phosphate  is  soluble  in  water  to  the  extent  of  1 .5  per 
cent  at  25  ( ■•  The  primary  hydrolysis  to  diisopropyl- 
pluisphorie  arid  and  hydrofluoric  arid,  at  pH  3  8, 
lias  a  half-life  of  nearly  a  week  at  25  (\  Neither  the 
agent  nor  its  primary  hydmh  si#  product#  are  affected 
liy  h.vpwhlorite.  Dusoprrpyl  fluorophosphate  solu¬ 
tion#  undergo  a  smmdan’  reaction  to  yield  acetone 
and  isopmpylphosphomu#  acid,  l#it  the  factor# 
governing  this  miction  haw  not  lieen  cstnliltshcd. 

Methyl  fluonaieetate  is  soluble  to  tire  extent  of 
al#ait  15  per  cent  in  cold  water.  It  hydroJyar#  slowly 
in  di#til|etl  water.  Thi#  hydrolysis  i#  catalysed  more 
readily  liy  alkali  than  liy  acid,  so  that  In  alkaline 
solution  hydrolysis  is  mpid.  Neither  methyl  Htioro- 
acetate  nor  0-fluorocthannl  is  affected  by  dilute 
aqueous  li>qss*lilorite  solution  but  use  of  vigortHts 
oxidising  agents  such  as  chromic  and  sulfuric  acids 
results  in  t*nmplctc  cleavage  to  cat  Ism  dioxide,  hydro¬ 
gen  fluoride,  ami  water.  Although  the  fluorine  in 
methyl  lluomncctntc  is  nmarkably  inert  it  tbs'# 
react  with  thiosulfate.  One  of  tin*  most  interesting 


feature#  of  methyl  flubnNiwtute  as  a  poison  Is  Its 
simitar  toxicity  by  mouth  and  by  Injection.  Thi# 
fart,  coupled  with  the  chemical  difficulties  of  detec¬ 
tion  ami  decontamination,  make  It  a  very  serious 
hasnrd  as  a  water  contaminant. 

Hrtfrr  Denial  Agent*.*'*’*  Several  of  the  eom- 
piHtmls  which  were  tested  were  found  to  show 
promise  as  water  contaminant#  in  concentration#  of 
I  ppm.  The  following  six  are  arranged  roughly  in 
order  of  ileereasing  efficacy:  quassin,  skatol,  methyl 
sdenofluomacetate,  a  mixture  of  quiwin  and  skatol, 
mustard  dimethylthioether,  and  thiovalemltleliydc. 
Incidental  to  the  almve  oliscrvntinn#  it  was  noted 
that  1,3-lxttancdithiol  had  perhaps  the  most  potent 
nnd  disagreeable  odor  of  any  of  the  substances 
tested.  Thus,  although  its  susceptibility  to  oxidation 
preclude#  it#  use  a#  a  water  contaminant,  it  might 
lie  worth  consideration  as  an  agent  for  pn#(ucing  a 
masking  odor  in  very  small  concentration. 

31.1.2  Analytical  Procedure#  Suitable 
for  Control  Purpose#  in  Treatment  of 
Contaminated  Water 

Attention  wa#  given  to  the  dcwlopmcnt.  of  mta- 
lyti«*ai  procedure#  suitable  for  the  quantitative 
estimation  of  (I)  chlorine  <lemttnd,*-,,>**-41w-*,,,“ 

(2)  the  mu#tanl#,’,,-4<* (3)  the  arseni¬ 
cal#, *•*■'*  (4)  the  fluorine-containing  toxics, 

(5)  hydwgpn  cyanMle,4*’-'*  and  (tl)  cyanogen  chlo¬ 
ride.”  In  general  these  method#  were  liased  upon 
no  new  principles,  l#it  were  mlaptations,  suitalile  for 
water  analysis,  of  methods  previously  dcscrilied.  In 
order  to  provide  for  operation  umfer  field  conditions, 
a  kit  was  ijcwloped  which  included  some  of  lltesp 
met  I  tods.  The  tests  forwhich  apparatus  mid  eliemieals 
werp  provided  wen*:  (I)  the  DIM  test,  for  tlie 
mustards,  (2)  the  mulylslcnum  lilue  test  for  arsroie, 

(3)  chlorine  demand,  (I)  cyanide,  (5;  lend  anil  thal¬ 
lium,  (tl)  mercury',  (7)  selenium,  (8)  ehlorides, 
(9)  hardness,  (10)  alkalinity,  (II)  sulfate,  (12)  pH, 
and  (13)  residual  chlorine.  Tlie  last  six  tests  were  in- 
elmled  at  the  suggestion  ul  the  Engineer  fhmrd  to 
avoid  having  separate  sets  of  equipment  nf  the  water 
supply  points  tine  for  chemical  agent#  and  one  for 
getiertll  purposes, 

.w.1.3  Treatment  of  Contamhiated  Water 

In  general  the  prtHfdiuv#  ndvt#*nlt*d  *.,**"a*  (or 
Hie  removal  of  the  more  common  cliemical  warfare 
agents,  or  their  hydrolysis  or  osMuiion  products, 
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from  potalde  waters  wen*  mmlifiration*  of  stamtard 
water  treatment  practice  in  that  hoth  chlorination 
and  treatment  with  activated  rarimn  were  used. 
Commercially  avsilnlde  carl  sms  were  evaluated 
with  respect  to  their  efficiency  in  the  removal  of  the 
common  chemical  warfare  scents,  or  their  hydrolytic 
or  oxidation  pnslucts,  ami  considerable  data  were 
collected  relating  to  the  problem  of  establishing  and 
maintaining  suitable  residual  chlorine  concentrations 
in  contaminated  water.*-1*-**-* 

jp>.S  DETERMINATION  OF  VAPOR 
PRESSURE  OF  CERTAIN  CHEMICAL 
WARFARE  ACENTS 

In  order  to  evaluate  properly  the  potentialities  of 
a  numlwr  of  recognised  ami  candidate  chemical  war¬ 
fare  agents  it  was  necessary  to  devote  consideralde 
attention  to  the  accumulation  of  reliable  vupjr  pres¬ 
sure  data  for  a  large  number  of  compounds.  It  is  not 
necessary  to  discuss  these  data  here  and  it  wilt  suffice 


to  cat!  attention  to  the  more  Important  Investigations 
in  this  Reld.»-»* 

M4  DETERMINATION  OF  MOLECULAR 

STRUCTURE  OF  CERTAIN  CHEMICAL 
W  ARFARE  AC.ENTS 

In  mustard  gas,  the  average  of  theenrism  sulfur 
and  carlxm-chloririe  Imnd  distune  ra  is  somewhat 
greater  than  would  bo  expected  from  the  values  found 
in  simpler  molecules  which  contain  those  Usuis. 
The  chioroethyl  sulfur  gnsips  in  the  mustard  gas 
molecule  have  n  planar,  tmn *  configuration.  In  tls> 
molecules  of  the  methyl  and  ethyl  amines,  alcohols, 
ethers,  mereaptans,  sulfides,  and  chlorides,  the  Ismd 
distances  and  Ismd  angles  are  nil  in  close  or  identirnl 
agreement  with  the  values  found  in  earlier  work.  It 
is  almost  certain  that  dimethyl  trisulfUlc  has  the 
straight  chain  structure.  The  nitrogen  triHuorido 
molecule  is  pyramidal.  The  higher  boiling  isomer  I 
of  lewisite  has  the  Irann  and  the  lower  boiling  isomer 
II  lias  the  m  structure.** 
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SYNTHESIS  OF  COMPOUNDS  FOR  STUDIES  OF  LUBRICANTS  AND 

HYDRAULIC  FLUIDS 

By  Jonathan  IK.  William* 


W.l  INTROIHCTION 

T'iik  work  obscribko  in  this  chapter  was  under¬ 
taken  with  tla*  hrixtd  objective  of  disrowring 
superior  components  of  hydraulic  fluids  ami  lubri¬ 
cating;  oil**,  Hie  participation  of  Divixion  9  of  the 
National  Defense  Researrh  Committee  [ND1U'3  in 
thin  proKram  wax  limited  to  the  preparation  of  com- 
ptsindx.  All  text-inn  to  determine  the  usefulw**x  of  the 
com|MHtndH  waa  carried  out  by  the  Naval  Research 
Ixdxirutory. 

Tla*  two  main  aspects  of  the  program  were  (I )  the 
preparation  of  a  monitor  of  rare  hydroenrixmx,  acids, 
alcohols,  thiols,  ami  extern  (or  uxr  in  thin  film  studies, 
awl  (2)  a  xtwly  «»f  metlKxlx  xuitable  for  the  synthesis 
of  fluorttcnrlxMix  of  internet  ax  ingredient*  of  non- 
inflammable  hydraulic  ffuidx  and  lubricating  oilx. 

In  tlie  first  part  «»f  the  program  very  ptire  xamplex 
of  32  hydnx*«rlx»nx,  39  acidx,  7  alcohol*,  2  thiolx,  and 
18  ester*  were  prepare* I  and  turned  over  to  the  Naval 
Research  Ixilaimtory  for  texting.  All  of  tliexe  sul>- 
xtnnrc*  were  rare  fine  clmmicalx,  the  preparation  of 
which  w«xikl  haw  taken  xeveral  year*  ha«l  it  lavn 
undertaken  by  a  email  gnaip  of  chemixtx  in  a  8*  rviee 
lalxtratory. 

Tlte  work  on  tluoroearixmx  wax  in  many  axpeet*  a 
pioneer  eearch  for  practical  nattex  to  completely 
fluoriW'-xulrUitutc*'  cnrlv'ti-skeletun  Ixxlics.  Two 
metlaxlx  of  consalerahk'  promise  wen*  (leased.  The 
simpler  «tf  these  prarexsex  uses  mlmlt  trifluoride  ax  an 
agent  for  re)tlaeemcnt  of  all  hydrogen  atoms  in  hyrint* 
earlxm*  by  fluorine.  Using  tiiix  sela’me  a  convenient 
idiot  plant  prwess  has  I  sen  worke*!  *»ut  for  tlx*  con- 
verstmi  ot  «-la*ptnm*  to  perfloorolieptnne.  The  xecistd 
pnxrsx  involves  the  |xilymerixntion  «*f  prrtluom- 
Ixitadiene.  A  gixxl  meth<xl  of  preparation  of  this 
monomer  has  lx<cn  devised,  and  tla*  polymeriuntion 
to  give  a  numlx>r  of  interring  pnelnetx  has  la*cn 
studied,  (’omixiuudx  prepared  in  tla*  Divixion  9  pro¬ 
gram  inchale  22  purr  fluonx-nrfxms  and  17  misrel- 
lamxnix  I1u*«rinat*<*l  *el«xtancex. 

T«**tx  nffitiiH'tnl  at  tla*  Naval  Research  Dilxmi- 
*»ay  have  «lenwxt  si  rated  that  llta»nx-nrlsaixin  genen»l 
do  not  meet  Navy  specifications  for  hydraulic  fluid* 


and  lubricating  oils.1*  Tla*  comiaamdx  haw  short 
liquidux  ranges  and  p*a»r  viscosity  indices.  The 
clmmimi  stability,  particularly  the  hydrolytic  sta- 
bilit.v,  wax  found  to  lie  ptxtr. 

40.2  M ISCKLL  ANKOUS  COMPOUNDS 

FOR  FILM  Si’ll) IKS 

At  flte  request  «>f  tlie  Naval  Research  lalxtratory, 
NDIM-  Hnd**rt*x»k  tlte  preparation  of  mtuty  organic. 
xulixtanet*K  of  interest  in  thin  Him  studies  devoted  to 
determining  tlte  effect  of  additives  in  lubricating  oilx, 
Tla*  suitxtances  synthr*i>ed  inchale  several  rare  hy- 
dmcarf sons,  acids,  alcohols,  and  esters.  The  xyntltexex 
are  descrilied  in  the  individual  repttrts1'*  awl  the 
comptainds  maik*  ure  listed  in  Tublex  1  4.  Tlte  use  of 
mnny  of  these  sulwtancex  in  tla*  Navy  texting  pro- 
gntm  has  la*en  reported.'-*-'* 

to.s  FLUORf  X2A  R  RONS 

IhtblicalMXtx  in  the  «»|a*n  literatim*  present  rlaimx 
to  unusual  xtaltility  for  flunnx*nrlxin*.'T  M  TIh*  Naval 
Resear*'h  Istlxwatoiy  la*mna*  inter ,-sted  in  their 
powible  use  as  noninflammohlc  hydraulic  fluids  and 
lubricating  oils.  NDRC  initiated  a  program  of  ex¬ 
ploratory  rexearrlt  ainaxl  at  devising  suitable 
methods  of  syntltesis.  ( 'omp* Hind*  prepared  as  a 
n*xult  of  these  studies  are  listed  in  Tallies  5-7. 

It  wox  agreed  at  theiaitset  that  six  general  metlaxlx 
of  synria*xisxhisild  la*  explored: 

1.  React i*m  of  elementary  fluorine  with  earlxin. 

2.  Replacement.  **f  h,vdrogi*n  in  Ityrinx'nrlxmx  by 
fluorine. 

3.  Replacement  of  otla*r  hnlogen*  by  fluorine. 

4.  Refduerment  of  nitro  or  amino  group*  by 
fluorine  (in  tie*  aromatic  series). 

5.  Polymerisation  of  small  units. 

II.  Degradation  of  high  molecular  weight  lluoro- 
enrlsm*. 

Rkactiox  ok  Fm-okink  with  Cahiion 

Following  lend*  in  ila*  literature,,,  ,*  a  study  was 
ma»le"  of  tla*  renctam  of  fluorine  with  carbon.  This 
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2-Phrnyl!  rtdrrnnr 
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ivna  attempted  hy  passing  fluorine  over  sugar  char¬ 
coal  or  Norit  nt  elevated  temperature*  ami  hy 
(Kissing  fluorine  through  a  earlnin  are.  In  neither  rase 
wan  t In'n*  a  significant  yieltl  of  anythin*  otlter  than 
<’I*V  Tltere  wan,  furtliermore,  a  eonntant  explosion 
hazard.  Tliis  phase  of  the  investigation  wan  alnin- 
doned  in  view  of  them*  finding*. 


T.iHMt  2.  ('<ini|»Hin<l»  fur  tliin  film  studies. 

Acid*. 

t'otiiiKHind  iteferenee 


o-»- Amykladmtnate  arid 
o-n-Amylnonole  arid 
ir-n-AmylicimdremtaiP  arid 
n-Arnehidle  nrid 
a-N-ltnl.vIdemnoie  nrid 
n-ft-Hiityldndcmnnic  arid 
a-N-fhttyltridrentmie  nri», 
n-<\vrhjtHilyimclhyhk*irenr.  '  nrid 
rt-CyriolnitylmethyltridccniMilr  arid 
tr<  'yrii  4s>xylt  ri<  leea  naie  arid 
ad'yriofientyldfidewmiie  arid 
^‘..ThipMOyliritlePimidp  arid 
red  'yriopmitylmpt  liylliexadeennoie  nrid 
ird’yri<i|»nxiylinethyltetmdmoM  de  acid 
l-Dadrrattrstilfanic  arid 
arKlhylpetUndrennaie  nrid 
o-Kthyltrklemnoie  nrid 
ir-a-lle|>lyhtrfimoie  nrid 
o-N-llcxyhlodrennoif  neid 
ica-llexyhietnnoie  nrhl 
o-a-llexylundeennoie  nrid 
I  l-llydnixyorlmlennnide  nrid 

12- llydmxyoelndeennoie  arid 

13- ll.vdmxyortnileeannie  nrid 
l-In«»|ir»(iyl-2-metliyleyri<i|ienlnnrlenrt><ixylle  arid 
4-Krtnstmrir  arid 

12-Kciostenrir  nrid 
mMetliylliexadeennoie  arid 
«•  Met  h.vll  et  mrirnanoie  arhl 
n-Ximndeeaaole  nehl 
A,,,:  o.itOctadreatriemilearid 

n-n-t  Vlyldrennaie  nehl 
H-IVntndrfanrstilfhnfe  arid 
a-lVnlmleennoie  arid 
o-n-Pmpyldndeoinolr  arid 
>r-a-Pni|>.vllioxadeeaiHiie  nrid 
wa-POifi.vltei  i  Mileennoie  nehl 
Sleraltr  nehl 

l,2,2-Trimeth.vleyehi|ipntnnemrlnixylle  nehl 
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Tint.*  3.  ('om|«niwW  far  thin  Aim  ntialien. 
Alcohols,  glyeals,  thiols,  ete. 


(‘<im|miind 


Keferroee 


Crratvl  nieohal 
llemmclhylcnc  gt.vral 

1- IXnlmin»thbil 
Kfeanyl  nlealnil 

2- n-ilrptyt-l-nannnal 
2-n-flcplyl-t  -nannital 
OptudrentnethyiMie  ulyral 
tXryl  nieohal 
K-Prnlmh'cntiethiai 


3 
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3 
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3 
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3 
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ilKrtarKMKNr  »r  Hvorihikx  hv  Kworixk 
Hie  ilirert  renetion  lad  ween  elementary  fluorine 
ami  various  ItydrocatlionH  wan  trier  I  hot  ulmndoncd 
licenusc  of  the  inevitably  explosive  nature  of  the  re- 
aetion  am*  the  formation  of  tarry  pnsluets."  Search 
for  a  fhioriimting  agent  of  intermediate  (tower  l«*»l 
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T«mi.p.  4>  ( VtmjMMimb  for  ihln  fllm  studies. 
Kstim. 


<*<int|M*md 

s-Amyilr.ttmt* 
s-Amyl  metssnie 
x-Awyl  slenrste 
*  Drevl  «*rtntr 
s-Dreyl  csprontc 
k.  Dory  I  Ittiirttto 
(t-Drryl  met  less  I  c 
s-Drcyl  stciirnle 
Mrlbw.vl  sectnte 
MHissvl  rn|>f<mlp 
Mrlissy!  Isiimtr 
Mollwyl  metissslr 
MHtw-yl  otonruto 
Mrlh.vl  mdlssstr 
(HOriwIoryl  rnimmlo 
N-Ortndcry:  Ionrnlo 
s-Ortmlecyl  inolUmlo 
s-Ortsderyl  nlonittlo 
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eventually  to  the  adoptkm  of  enlmlt  trifluoride  mi  the 
agent.  «if  choiec."  The  renetion  between  ft  hydro- 
earl  on  and  CoF»  iim  wily  reunite  in  complete  fluorina- 
tinn  under  the  ronditkms  dcsrrihcd  below.  Typical 
mictions  are: 

(Min.  +  JW«F,  — ►  CiKn  +  MC«F,  +  IAIIF 
(MUCH.),  +  *K’«F,  — ►  (M-7CF,),  +  anew,  +  IOIIF 

The  mhalt  triflunrklc  may  be  conveniently  re- 
grnemted: 

*%iF»  +  F,  — *  «*..F, 

Beet  results  have  been  obtained  liy  a  vapor  phase 
tcartkm.  The  liq;tkl  hydrocnrlmn  to  lie  fluoridated  in 
injected  into  a  vaporiser  maintained  at  a  temperature 
alftNit  100  <’  higher  than  the  boiling  point  of  the 
liquid.  The  resulting  vapor  in  then  swept  with 
nitrogen  through  a  reaction  tulie  containing  colmlt 
trifliHirkle,  in  which  a  fre^  wirface  in  contimssisly 
exposed  by  meant*  of  ekiwly  revolving  paihllcs.  The 
temperature  of  tlie  reactor  in  gnwled  from  a  starting 
point,  equal  to  that  of  the  vaporiser,  to  almiit  400  (’ 
at  tiie  exit  end.  The  emerging  product n,  hydrogen 
flnorkle  and  the  fluomrarlMin,  are  c*»llecte*i  in  a  trap 
and  separated  an  immiacilde  liuttkis.  Tlie  male 
tluonrnrlNm  constitutes  tin*  lower  layer.  It  k*  drawn 
off,  waslsil  with  miki  caustic  solution,  and  distilled. 

In  tin*  col  wit  irifluoriile  procedure,  the  hydro- 
carlMiu  reactant  studied  moat  thonaighly  luii*  lieen 
o-licptunc.  Tift’  recovery  of  eiirlftiu  compound!*  in  the 
volatile  liquid  mixture  produced  in  nlxnit  00  per 
ti  nt..  Thin  entile  unction  mixture  hot*  the  following 
approximate  conqionitiun: 


PcrfliHiro.N-lM’iitiinc 

7 iVp 

High  tsiiliiig  nmicrisl 

t.v«. 

IVrtliHsiicih.vIcjrkaicnlniM’ 

tVHkswtidlmcthylcyclisirninfic  ' 

■  ’  a% 

IVrfliHMo>s4icxanc 

i% 

Puri*  perfluoro-a-heptane  ia  obtained  by  careful  frae* 
tkmatkm. 

KkPLAI'KMKMT  OP  IIaUUIKN  RY  Ftil'ORIN'K 

Thin  cxchan  '*  v*  lieen  accomplished  by  meana 
of  a  variety  *  .  >ri anting  agents,  all  of  whieh  have 

lieen  ileserilie  in  the  open  literature.'*1"  Tlte  prin¬ 
cipal  agents  used  in  the  ND1U’  studies  were  fluo¬ 
rine, T-*  hyd*’*'"  *»  *,*«oride,*‘,#  mercuric  fluoride, T-*  and 
antimony  Hi- 1  mi  pe».'afluorhle.,•*■l*  Replacement  of 
all  chlorine  ahum*  in  chlomroriiont*  to  * ditaln  fluoro- 
carimns  wan  found  imponsible  by  any  procedure 
tested.  Thus  when  perrhlomryekipentene  is  treated 
exlwustively  with  8bF»,  the  major  pnfthict  is  per- 
fluom-l  ,2-dichloni-t -cyclopentcnc,  and  no  compictely 
fluorinated  produet  in  obtained.* 

Kxperimentn  designed  to  priftiuce  fluomenrlsma 
from  hydrurariionM  by  alternate  chlorinfttioiw  and 
(luoriiiatiiMii*  proved  to  lie  too  ehiliorate  to  lie  prac¬ 
tical  and  were  almndonrd.*  Octane  is  easily  ehlorin- 
ated  to  («lliaC'U,  I  Hit  replacement  of  these  chki- 
rine  atoms  try  fluorine  prove*!  to  lie  very  difficult 
under  the  conditions  tried.  In  view  of  the  success 
attained  in  direct  fluorination.  these  experiments 
were  discontinued. 

Replacement  op  Nitro  or  Amino  Grocp  hy 
Flcorine 

This  type  of  replacement  reaction  has  lieen  found 
to  provkie  the  most  convenient  tool  for  the  intnsluc- 
tkm  of  fluorine  into  an  aromatic  nucleus.  The  scheme 
used  has  lieen  studied  extensively  by  Schiemann 11 
and  is  commonly  referred  to  by  his  name:  \ 

ArXO,  +  ft  |  K  i  — ♦  ArXIl,  +  2IM> 

ArXIlt  +  1 10X0  +  IK1  — ►  ArXitl  +  3IM> 
ArXAl  +  MFi  — #•  ArX.HF,  +  Cl' 

ArXjBF,  ArF  +  X,  +  HP. 

The  gwl  of  one  phase  of  tho  Divisiisi  9  program 
was  the  preparation  «if  an  aromatic  Hiiomcariion  con- 
t, lining  «mly  carlion  and  fluorine  and  retaining  the 
aromatic  system  «if  iimjugntcd  unxnturathm.*  This 
giml  was  not  attained.  Specifically,  it  was  Imped  Pi 
prepare  pcrfluonimositylcnc.  In  this  study,  fluorine 
atoms  were  attached  to  the  open  imsitions  In  the 
licn«cne  ring  (the  2, 4,  and  li  jsisitiiins)  by  successive 
Schk’mtum  reactions.  It  was  planned  to  replace  all 
the  side-chain  hydrogen  atoms  by  chlorine,  and  then 
sulwtitute  fluorine  for  the  chlorine.  It  was  found,  how- 


SKCRKT 


SYXTIIKSIS  or  OOMPOI  MM  HIM  STCOIKS  OF  I.I  IUUCANTS  AMI  IIY IIK  U  I.IC  KI.I  Ills 


ever,  tlmt  only  six  chlorine  atom*  (two  |>er  methyl 
group)  could  lie  introduced  with  ease.  An  attempt  to 
replace  these  chlorine  atoms  l>y  llnorine  iiniofc  IIK 
was  unsneeessftil. 

Poiamkiuxatuin  or  Smalt.  Units 

Inasmiieh  as  various  fluoro-chloro-sulistituted 
ethylene*  wen*  eommereially  availahle,  amt  since 
they  provide  simple  hvdrogen-frre  starting  materials, 
studii*  wen-  initiated  on  tlieir  polymerisation.  He¬ 
rat  ise  of  the  wealth  of  information  »Y*ifcital>l<*  on  the 
poly  mediation  of  hntadiene  and  related  diem's,  the 
main  emphasis  in  this  part  of  the  program  was 
placed  <ai  a  study  of  iierfluomlHitndicnc."' 

The  diene  is  most  conveniently  syntliesised  liy 
starting  with  trifluoroehloroethylene.  Pyrolysis  at 
550  500  ( '  results  in  dimerisation  to  give  a  mixture: 

3('Kt  cm— ►ck,ci  cm  cr  ck, 
ami  <  cm  -  cr, 

Tim  open  chain  eompmind,  (TV’I  CKCI  CK 
r  CK,,  is  the  major  component  of  tlie  renetion  mix¬ 
ture.  When  the  unpurified  mixture  is  chlorinated  in 
sunlight,  the  cyclic  component  is  unaffected  while 
chlorine  adds  to  tlie  double  bond  of  the  olefin  giving 
perfluoro-l,2,.‘M-tetmchloro!»utnne.  Tlie  reaction 
mixture  then  consists  principally  of  perfluoro-1,2,3,1- 
tetrachlonibutiute  mixed  with  some  i-rfluoro-l,2,-di- 
chlorocyclohiitiuie.  Ilie  latter  stllisinnce  is  removeil 
by  distillation  and  the  rt**idue  is  dwhlormated  by 
relluxing  with  sine  in  the  presence  of  butyl  carbitol. 
CK,CI  cm  CKCI  CK-tl  +  2J5n — ► 

CK,  CK  CK  CK, +2SCnCI, 

\n  alternate  but  somewhat  less  satisfactory*  mute 
to  perfluorolmtudione  starts  with  *///«-diflitoro- 
diehlons'th.vlcne.1"  A*  —  7S  ('  fluorine  react*  wifi; 
this  sulistuMcc  to  pr.sluer  a  saturated  dimer  which  is 
|M>rlluoro-l,2,:),i-t«>tmclilorobutane: 

2ckci  cm  t  r, — ►  ckci  cm- cm,  ckai 

Y 

Unfortunately  the  reaetiou  is  not  clear-cut  ami  the 
yield  of  desired  product  is  mt her  low.  Treatment  with 
line  may  Is*  carried  out  as descrils'd  ill  the  preceding 
panigraph. 

The  |Milymerixatinn  of  is'rlhiorobutadieue  has  lss*n 
accomplished  by  three  differing  pns'edure*.  (I  i  Under 
the  influence  of  hml  iilmir,  jsilvmeric  mixtures  are 
formed,  from  which  a  dimer  and  a  t rimer  have  lain 
isolates!  1  wit  not  completely  identified.  (2)  Simitar 
result*  are  obtained  when  pcrfluomliutndirnc  is 
subji'ctcd  to  the  catalytic  influence  of  fcr>:r<u/f  /sr- 


uriile.  (3)  Tile  effect  of  Jliwriitr  at  low  tcmficruturc* 
(approximately  — 7HC)  i*  to  induct'  dimerization 
with  some  fluorination.  As  the  temperature  is  raised, 
the  ctMtnte  of  the  reaction  shifts  toward  saturation 
without  polymerisation. 

Dkokaiiatio.v  ok  limit  Moi.K.m.AU  WkuiIVt 
Ki.rouiK'AHiuixs 

Tvsi.k  .*>.  KliiunM'arlMitis. 


Hcfercnrc 


CiimiMsinit 

I'crltiKiro-l.a-lsiistliciH' 

lYriltiont-n-lmimic 

Pi'rfltmro-l-lHitcne 

IVrfliiuni-gJMiiciM* 

Pcrflimowyrliitmtias' 

IVriliiiinHcyclohiilpnc 

pprflis>ne2,3-dinM'thyllHiliim> 

IVr(lit(iris2l3slinM'iliyl-2-lHUcii<> 

lY'rilimneMetlinM'thylcyclolM'xais* 

IVrflimriwMliiiH'lliylryclolK'Xiinc 

IVrflii<rio-/MtinM>tliylryrliilH<xniK' 

Pi‘rflm>r,NjlnM'tliylryrt<>|M'iittu\c 

IYirftiit>nM'tliyh‘yc|ii|N‘nttuic 

IVrftiiitosN-tK'ptmK' 

lVrfluiHssts'xitliyilniieilms' 

PrrfluomnH'thyicyclolH'xmit' 

IVrflisim)ini|M'tM' 

IVrltuori  1 .3,5-1  ri  met  livlrvrli  iltcxa  is* 
C.K., 
t  ’i,K„ 

C,«K„ 

C,.K,„ 


Tvsi.k  a.  KftHinirlilonimrlMin*,  (tiKinilirimss'iirlM.iiH,  nml 
fluiHiM’hloriiiii'itmiiPtirlMHis. 

Coni|MHiml  Hefcretim 

IVrrlil<ioet,4-tliflmiMiiiU.'ON-  10 

l,irHu<K'i>-2-rlil<irt»-l>2Hiil>nmH^sii|Kiiie  "10  -* 

l,crfl>HH^e2,.'bfc/*(2-r>i!.'tris<thylM,-tHlirlil<iriilMiliiiHl  10 
l’t>rfliiun>-2-ctilitro|isiiKiiH'  10 

Pe.,fliiisie2-chliioi|>ni|M>iM‘  M 

IYritimnt-2t3-<lil>nmmlMitiiiic  Ml 

lli‘rflt|is,KlI2-<liliesiiiitM,^KiiH>  10 

P'<r11imn>-2,t<Htip|ili>ro-ll34Hiiiii|ieiM‘  10 

Pcrflimrtsl.-l'slirlilunihiilmH'  10 

!Yrflii<int-2,3-«lirlil<in>l>tittUK'  10 

lYrttimrist,  l-ilirhliMo-2-lHilciH’  JO 

]Yrflm>rii-3,f-4lirliIiti-i»-t-lMilrtH>  10 

Pcrflimro-1 2-dfehlonicyrlitliiitMir  10 

I  Y>rfl  i  s  >r<  e  1 ,2s  lirlil<  in  e  t  -cycli  >|»>n  tone  s 

IN'rfl'i)sii-t,2-«lli‘liliint-3,l-4liltntiiiiilNitiiiH'  10 

lYrffistm-l  ,2-dirlilon>pni|tMte  s 

I  'ertli  m  iro-.'t,3s  lie  lilon  e  I  -|  >o>|  N'tic  !  * 1 

l'crflit>irie2,3-<iitiM'ihy!-2.3siieli1iiri>l>iittiiic  10 

l’crfiiiiH,el,2,3,-l-lclmeiili>nilHitiinc  10 

lYrfliMinel^/i-trirtiliimiirojNine  s,  10 

t,3,5-Triflu)ine2.t,0-iHetil)tnil«'iirciN>  u 

?>l,U.Trlflimrii>l,3,.Yf>,',(irli'liliiri-iiicihvltliriii'chr  tl 

Cd’.CIi  10 

C.K.Ch  Ml 

C;K-.Ct-.  Ml 

C-K.CL  10 
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Although  tliia  item  wax  on  lli«»  original  program, 
no  work  wn*  done  after  receipt  of  a  report  from  an 
induxtrinl  laboratory  xtating  tlmt.  the  principal 
product*  of  flic  tliermnl  decompoaition  of  polytctrn- 
Ihiorixdhylencnrejx'rfhionieyrlohntnncnndpcrfluorii* 
cyclopropane.  Thc*e  xuliatancca  did  not  appear  to  1*> 
likely  candidate*  for  further  avnthetic  work. 

The  fluorocarbon*  tented  hy  Ihr  Snral  Hem-arch  Lab- 
oratory  hare  not  prated  to  be  of  intrrrM  an  hydraulic 
fluid  candidate They  Herr  nhoten  to  hart'  poor  rin- 
conity  indict  *  and  *hort  liquidu *  range*,  and  to  be 
chemically  trim  ntabte  than  ten*  anticipated. 

T\hi.k  7.  Kliinnitiyilnimrt****  nrol  ltiHio«,lilomli.v<1ni- 
piiHhui*. 


Itrfcirm'c 


Tuim’onoAm’ir  Arm 

A  practical  aynthcaia  for  thi*  auliatance  haa  lieen 
worked  out  uaing  readily  availahle  material*.7  Tlie 
following  *tep*  are  involve*! : 


t.  ciici.  f  eel,  -rtV 


-►CHCkCChCCI, 

.  CVdaOlI 


2.4- 1  )ifliiort**Wo<l<»mc<ity  tone 

2.4- I>ifliu<oHiiP»i».vlpnp 

1.1- l>ifliit>ro-1-|irti)iriir 

1 ,2,4  ,.VTci  ratlin  mil  icnMcnc 
2,2,a,H>TrtmltiHiriHMiimnc 
I.U-Trifltiorulatltmc 

2.4. a-TrilliHin>-t,3,.Vtri>(<liclit<ir<mM,lliyl)lipn«'rK' 

2.4, (V-TrifliHioHnc*itykitc 

1.1.1- THfliHtn>|im|iniie 


4«.4  FLIORINYTKD  OXYCKN 
COMWIt'NDS 

A*  a  aide  line  to  the  xtudv  of  fluoroearlion*,  infor¬ 
mation  wax  obtained  on  tlie  preparation  and  proper- 
tie*  of  Mcveral  ttuorinated  oxygen  eomixunda  of 
intcrcat.  Tlie  mni|xtund*  are  Hated  in  Table  8. 

T \HI,K  K.  Mmtrimilnl  oxygen  roni|*ioiMl«. 

C<mi|«>mi<l  Itcfcrencc 

Diftiainmcctir  ncitl  H 

2,4-1  )ittnon*4t-nfX'tylme*i»ylri**  !• 

2.4-  1  lifltion  *4H  ril  ir<  unonci'l  y  Imeait  ylcne  # 

2.4- Hifli*>o»-*WlrK'liloMiir<'l,vln>t>«ilyl<'i*'  0 

Kitty  I  y.vtlilliKimnn-loniX'tiite  a 

I'.lliyt  1, >.>-10(11100  KirM<Kitx>lr»lc  X 

2,2,2A.I.4-lli'X:i(!iHiroctiit:irir  nritl  S 

Trifliammeclic  nritl  X 

I.l.l-Triflimnwo'lot*'  X 

2-T  riftimroinx'l  v  line»il  ylenp  II 

1,1,1  rriflnon-2,|.|»'iiliin('(li(HM'  X 


2.  CHCWCIjCCh  +•  XnOll 

CCIi  CCICCIi  +  Nall  +  IM> 
.1.  e(V=CCICCI,  +  8I.K, — ►  C(V  (VlCF,  +  8M1, 

4.  3CCV  CCICF.  +  4KMuO(  +  t4KOIt — ► 

3CFCOOK  +  4MnO,  +  ftKCI  +  3K»CO,  +  7llA> 

Yiehla  in  the  fmir  atepa  are  lift,  tit),  85,  and  85  per 
cent,  rrapectivrly. 

nma  oKoAorrie  Ann 

Tliia  auliatance  may  la*  prepared  in  a  manner 
analogiaia  to  that  uxed  for  triHuonmndic  acid.7  The 
auliatance  to  lie  oxidiacd  i*  (.ilKjCil—  (Xlj. 

llKXAm'OKlMllil  fAMM*  Ann 
Thi*  auliatance  haa  lieen  pre|xinxl  hy  permanganate 
oxidation  of  perfhior«Hl,2,-dirhlorti-l-cyrlo|ientene.7 

Ktiiyl  y,'r,y-TKiruoHOA('4rmAetrrATK 
Tliia  eater  liax  lxx»n  pnxluced  hy  eondenaation  of 
ethyl  trittuomnretate  with  ethyl  acetate."  Tlie 
pnxluct  forma  metal  chelate  compound*,  auch  a*  the 
copper  derivative,  which  are  eaay  to  pn'pure  and 
hydrolytically  mtlier  atahle,  and  which  exhihit  np* 
preciable  va|xir  tenaion. 

Knivt  >,>-i>m,niROAi  4miAeKTATK 
Tliia  compound  haa  lieen  pre|>arrd  hy  eondenaation 
of  ethyl  dilluomnrctntc  with  ethyl  acetate."  Ita 
pnijx'rtiea  and  reaction*  arc  aimilar  to  thoae  of  the 
tritluoro  eoni|xmnd. 

l,l,l-Tail-MOHO-2,  l-PKNTAXKUtOXK 
Tliia  lluorinntixl  acetylacetone  haa  lieen  prepared 
hy  condensing  ethyl  trithionxieetate  with  wetone." 
Ita  copper  chelate  derivative  haa  Ixvn  found  to  lx* 
very  atahle  and  to  have  a  higher  vnjxir  preaaurc  than 
tlie  corresjxinding  nonlluurinntcd  eomjxiund. 
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SPECIAL  FUELS  FOR  PROPULSION 

l!v  Chark*  J.  Mtthhm  nnd  Jonathan  H\  William* 


tl.t  INTRODUCTION 

N  ith  pkiminam  on  special  fuel*  for  propulsion,  I)i- 
vinton  ft  was  concerned  with  three  different  tu*- 
pectsof  tls*  general  proldom:  (I )  selection  and  tost  in* 
of  chemicals  suitable  for  iikp  ax  hydropnlse  furl*: 
(2)  selection  and  texting  of  rltemieal*  «*  candidate 
additive*  to  improve  the  efficiency  of  gasoline  in  un 
aempulsc  motor  of  the  V-l  iMiu-tssiih  type;  uml  (3) a 
study'  of  tiie  process  developed  in  (Jermnny  tor  the 
pnNluetion  of  hydrogen  peroxide  irom  2-ethylanthrn- 
(ptinone  by  *ueee**ive  hydrogenation  ami  oxidation. 

Among  the  comfMMtidx  examined  in  the  *eareh  for 
xuitalile  hydmpulse  fuel*,  the  performance  of  alu¬ 
minum  liorohydriitc  i*  moxt  nearly  in  line  with  tlie 
*peeifieatiimM*pt  up.  Hd*  compound  i*  far  from  ideid 
for  the  ptirpoxc  a*  it  i*  quite  difficult  to  prepare, 
hasirdou*  to  handle,  ami  unstnlile  in  storage,  par¬ 
ticularly  umler  tropical  condition*.  Several  other 
rompmindx  are  *uggr*ted  for  limited  application  nnd 
text  u*nge*.  Among  these  are  lithium  hydride,  lithium 
tiorohydridr,  ami  ethylaluminum  srxquihydridc. 

Tests  carried  (Hit  in  a  V-l  aempulxe  motor  on  adju- 
vantH  to  inerea*e  the  thrust  obtained  with  gn*olitie 
failed  to  uncover  any  promixing  lead*.  The  com- 
poond*  xtudied  included  *pontiuie(Ni*ly  intammable 
material*  ami  agent*  to  lower  or  mi*e  tlie  octane  or 
cetane  rating  of  the  gasoline. 

A  xtudy  of  tlie  preparation  of  hydrogen  peroxide 
l»y  *ueci>**ive  hydrogenation  and  oxidation  treat¬ 
ment*  of  2*ethylan<#.’hw|uinone  showed  that  quanti¬ 
tative  yield*  of  hydrogen  peroxide  are  obtained  and 
that  the  pence**  may  tie  repented  many  time*  with 
no  xignifirant  dccrcnxe  in  yk>ld.  By  the  u*e  of  a 
tetmhydro-2-othylnntlmi(piinone,  it.  Iin*  liven  haiml 
possible  to  d(Mthle  the  yield  of  hydrogen  peroxide 
per  cycle  a*  compared  to  the  2-cthylonthraquinonc 
prove**. 

n.2  iivDKom.sK  mas 

The  iKWhihility  of  propulsion  of  device*  *ueh  a*  tor¬ 
pedoes  by  means  of  the  thrust  obtained  from  an 
underwater  ga*  jet  wax  first  given  arrant*  consider- 
ntion  in  the  Ihitish  Admiralty  Research  tolsiratory 
in  IftSH."*  The  idea  received  im|>ctu*  in  thi*  nxintry 


in  I043--I04-4  alien  Dr.  K.  Zwicky  '"suggested  to  per- 
aonnel  of  the  Nava)  Bureau  of  Aeronautic?  that 
underwater  propulsion  by  tlie  gas-jet  seliemo  might 
tie  mack*  practical  if  suitubte  chemical*  cmtld  la*  pro- 
vided  which  wmild  reaet  vigorously  with  water  to 
generate  a  large  volume  of  ga*  and  a  large  amount  of 
heat,  fhemimta  of  thi*  type  might  lie  utiliard  in  de¬ 
vice*  designated  a*  tlie  liydnMluct  am!  ltydrn|Htlxc, 
in  which  the  chemical  compound  i*  injected  into  a 
stream  of  water  Bowing  through  a  duet.  In  the  hydro- 
pti!*e  fuel  problem,  eltcmical*  have  lieen  sek'cted  for 
study  largely  on  the  lm*i*  of  calculated  specification* 
(Httlined  by  Dr.  Zwicky.1*  The  specification*  indicated 
a  need  for  complete  reaction  (if  the  fuel  with  water 
at  25  (*  in  0.01  second  or  less  nnd  an  evolution  of  at 
least  .1,000  ml  of  gas,  prcfcrnWy  hydrogen,  per 
gram,  and  5  C’al/g.  Theoretical  studies  of  the  potwi- 
liilitie*  of  the  hydropulse  have  lieen  made  by  two 
Office  of  Scientific  Hcxrnrch  and  Dvvckipnicnt 
£08UI.V]  group*  (xitxide  of  Divi*ion  ft.*1" 

Among  various  compound*  inve*tigated  a*  fuel* 
for  hydmputse  devices,  lithium  hydride,  aluminum 
iHinihydride,  lithium  Imrohydride,  ami  etliylaltt- 
minum  scsqiiihydrhlc  appear  most,  suitable  on  the 
Imsis  of  ialsimtory  te»t*.  For  a  direct-  hydmpulxe,  in 
which  the  fuol  i*  injected  into  water,  aluminum  Isiro* 
hydride  appear*  to  la*  tlie  liest.  potential  candidafe 
since  it  t*  a  liquid  ami  mart*  with  water  at.  25  C  in^_ 
0.000  0.01. ri  secoml  to  liliernte  alxiut  2,900  ml  of 
hydrogen  per  gram  (77  per  cent  of  the  theory). 
However,  thi*  compound  is  rather  difficult  to  pm|>um 
ami  it  present*  problems  in  regard  to  instability  (Hi 
storage,  particularly  at  elevated  temperaturrs.  A 
liipiid  product,  believed  to  consist-  largely  of  ethyl- 
aluminum  sesquibydride,  has  reacted  with  water  in 
less  than  0.0!  second  to  liliernte  up  to  751  ml  of  gas 
per  gram.  Although  deficient,  in  ga*  pnsluetion,  the 
latter  candidate  is  obtainable  from  readily  available 
materials  ami  in  view  of  its  high  rate  of  rrartion 
w(*dd  appear  to  merit  consideration  as  a  fuel  for 
testing  the  hydropulse  principle. 

Lithium  hydride  tuid  lithium  Isimhydrhk',  Isitli  of 
which  art*  solids,  react  too  s'owly  with  water  at  25  (‘ 
to  1*<  of  interest  as  fuel*  for  a  direct  hydroimlsc,  but 
thev  are  Is'lieved  to  warrant  testing  in  tui  "inverted" 
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hydropulsr  in  which  water  is  injected  onto  the  diem- 
H'ttl)  with  consequent  liifchor  reoetbm  temperature 
and  miction  rate.  Possibilities  of  other  water-reac¬ 
tive  noth  lit,  such  a*  stslium  nitii  calcium  hydride?*, 
lithium  siliekle,  und  certain  Itcryllium  compounds, 
have  also  l**eti  considered. 

II. 5.1  l.ithium  Hydride 

In  view  of  it*  nvnilnhility  and  high  theoretical 
HjMTifie  gas  production  (2,820  ml  g),  lithium  I>y< I ri< lo 
hit*  rcccivinl  particular  attention  in  the  search  for 
Kiiitahle  hy<lm|Mil*o  f»H‘l**.s  Hie  results  of  lalstmtory 
tents  suggest  that  tin*  chief  problem  in  connection 
with  the  use  of  this  candidate  c<*nccms  ilcvelopmcnt 
of  suitable  techniques  for  handling  and  injecting  it 
as  a  very  finely  divided  powder.  lithium  hydride 
would  appear  to  Is*  an  excellent  candidate  fuel  for 
test  in  the  “inverted"  hydropulse  where,  instead  id 
injecting  the  chemical  into  water,  water  is  injected 
onto  the  chemical  with  consequent  higher  reaction 
temperature  and  reaction  rate. 

(’ommcrcial  lithium  hydride  of  alsiut  07  per  rent 
purity  was  found  to  lilicmtc  3.7  Cal  g  on  reaction 
with  water,  and  after  micronizing  to  an  average  par¬ 
ticle  diameter  of  4  *  reacted  completely  in  0.05 
second  to  evolve  2,000  ml  of  hydrogen  per  grain. 
Material  of  17  *  average  particle  diameter  reacted 
in  0.10  second.  Studio*  of  lithium  hvdrkle  powder 
containing  various  organic  and  inorganic  compounds, 
including  acids,  anhydriilcs,  oxidizing  and  reducing 
agents,  and  other  metal  hydrides,  failed  to  uncover 
effective  activators  to  increase  tlie  reaction  rate.3 

Attempts  to  tlevelop  satisfactory  lithium  hydride 
pellet  and  |aiste  conqsisitioiw  which  might  lie  in- 
j«*etcd  more  easily  than  powders  have  liocn  unsuc¬ 
cessful.3  The  smallest  ('*x  '«<  in.)  pellets  of  4*  to 
I7-*  lithium  hydride  powder*  which  were  *uffiek*ntly 
com|Mct  for  handling  required  from  2  5  second*  to 
react  completely  with  water.  Certain  diluents,  such 
us  calcium  hydride  and  i  itric  acid  in  25  50  |ier  cent 
concentration,  improved  the  rate  of  reaction,  lint  in 
no  case  was  (lie  evolution  of  hydrogen  complete  in 
less  than  1.3  seconds.  To  obtain  free  (lowing  paste*  of 
lithium  hydride  |*»\vders,  alsait  40  lit!  |ier  cent  of 
inert,  liquid  diluents,  such  as  amines,  ketones,  or 
etla*rs,  was  required,  all  of  which  greatly  decreased 
the  reaction  rale.  Thcl*<*t  |>ustc composition  required 
at  l'*ast  0.3  second  for  complete  reaction  with  water; 
it  gave  only  alsait  1 ,000  ml  **f  hydrogen  per  gram  and 
showed  |ssir  stability  on  storage.. 


41.2.2  Aluminuni  Horolmlridc  . 

Aluminum  liorohydrhlc  is  an  outstanding  fuel 
eandkUtc  on  the  Itosi*  of  rate  of  reaction  and  specific 
gas  prt  shirt  ion  with  water.1*'1*  This  material  has  an 
aridisl  advantage  over  many  of  the  materials  evalu¬ 
at'd  Isxtiuse  it.  is  a  liquid,  and  would,  therefore, 
proltably  Is*  less  difficult  to  inject.  However,  the 
romiioond  is  rattier  difficult  to  prepare  and  it  pre¬ 
sents  protdem*  which  have  yet  to  Is*  solve* I  in  regard 
to  instaMlity  on  storage,  |smicularty  at-  elevat'd 
temperatures. 

liiquid  or  vapor  sample*  (0.02  0.1  g)  of  aluminum 
Isiroliytiride  react  with  water  at  25  C  in  0.000-0.015 
srxsstd  to  lilg*mte  alsmt  2,000  ml  of  hydrogen  per 
gram,  or  77  per  eent  of  the  theoretical  amount 
(3,700  ml  g).  Analyses  indicate  that.  at.  least.  99  per 
cent  of  the  gas  evolved  is  hydrogen.  The  heat,  of  ro- 
actksi  has  not  yet  ls*rn  determined  with  certainty, 
Isit.  preliminary  studk**  *  haw  indicate*!  All  «•  2  -3 
Cal  g.  TIs*  heat  of  combustion  has  Itren  shown  to  Is* 
approximately  13.8  CaCg.* 

Althisigh  the  hvilmgi*n  evolution  in  the  aluminum 
Isirohydrhlc  water  react i*st  is  nffeeted  by  tempera¬ 
ture,  nsevklenced  by  an  increase  from  alsmt  72  |K*r 
cent  of  the  theory  at  I  ('  to  over  90  per  cent  at.  95  <  *., 
the  rate  of  reactksi  is  not  aulistantinlly  changed.3 
Other  investigations  have  shown  that  the  /ill  of  the 
water  may  determine  the  cimrse  of  the  reaction  anil, 
therefore,  tin*  specific  gas  pnsluction.  Tims,  with 
water  at  a  pH  *»f  1.9  (0.1  .If  ph«isphorie  achl),  *ul>- 
st antially  complete  hydrogen  evolution  is  obtained 
at  25  C,  wliereas  under  neutral  or  highly  alkaline 
conditions  the  gas  production  was  considerably 
less. 

To  mwist  in  determining  the  utility  of  nluminiim 
istrohydridc  as  a  fuel  for  the  more  conventional  self* 
e*mtaim*d  jet  motors,  such  as  tlmse  employe*!  fur' 
assisted  take-off  of  planes,  equivalent,  amimnts  of  this 
candidate  and  water  in  the  vapor  phase  have  ls*en 
rracted  at  elevated  tem|s*ratures.3  These  tests, 
carried  *sit  with  0.01  0.03  g  of  aluminum  tsimhydridc 
at.  85  IKK*,  showed  that  the  gas  evolution  was 
nearly  quantitative  in  mud  ion  perkslsof  0.012  0.015 
second.  Although  the  results  sugsp-tt  that  this  fuel 
mmlnnution  w«sil«l  pmlxibly  l*e  sntisfactoiy,  calcu¬ 
lations  mtule  on  the  Iwisis  of  preliminary  heat  of  re¬ 
action  data  (All  *23  Cal  g)  fail  to  indicate  any 
marked  superiority  over  nitmmctlmnc  or  gasoline 
and  oxygen. 

Aluminum  Istrohydridc  was  originally  prepared  by 
tin*  react i<m  of  dilstranc  with  t, -inict  hyialitminiim  ■' 
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AIjMilik  4-  4IMI.  — ►aiKCil.).  +  2\KHII,), 

At  the  pmmt  time  the  most  convenient  prorosw  fur 
preparation  of  this  material  eonsist*  of  a  metnthctieal 
miction  lirtween  xtxlhtm  or  lithium  l»<*mh>*«lri«lo  and 
Aluminum  chloride  or  bromide  •* 

SXnHIf,  +  .MCI,  — ►  AKHH.K  +  3Nntt 

Dr}*  nitrogen  is  passed  over  a  7 / 1  mixture  uf  Alumi¬ 
num  chloride  and  sexlium  Ixirohydride  nt  lit)  130ft. 
The  relatively  volatile  Aluminum  Ixirohydride  m 
entrained  and  obtained  in  gixxl  purity  in  80  per  cent 
yield. 

In  attempt*  to  synthesise  aluminum  liomhydridc 
by  new  route*,  attention  Im*  lieen  Riven  to  hydro- 
Renat  ion  of  triethylaluminum  tricthyllxinin  mix¬ 
ture*.*  'Hie  only  pn*luct*  obtained  were  unidentified, 
water-reactive  *olid*  formed  at  alxmt  200  C.  These 
Molid*,  fnan  which  no  aluminum  liomhydridc  rmtld 
lie  isolated,  are  lielieved  to  have  been  produced  a*  a 
rr*ult  of  the  transitory  formation  and  sulisequent 
thermal  decomposition  of  tlie  de*iml  product.  With 
the  exception  of  palliuliunwai-charcoal  at  150  (‘  or  a 
ruthenium  catalyst  at  180  ( ’,  standard  hydroRCiiat  ion 
catal.VMt*  wen*  inactive.  No  hydroRenation  re*ulted  at 
lower  temperature*. 

Attempt*  to  prepare  aluminum  homhydride  fnan 
methyl  Ixiratc,  aluminum  chloride,  and  midium  hy- 
drhlc  have  al*o  lieen  unsuccessful.*  No  cvhlenre  ha* 
la-en  olitained  for  the  formation  of  aluminum  Imm- 
hydride  in  attempted  hydroRenation*  of  aluminum, 
aluminum  amnlRnm,  aluminum  chloride,  or  lithium- 
aluminum  alloy  in  the  presence  of  tricthyllxinin,  or 
of  aluminum  halide  sodium  fluolMirate  mixture*  with 
or  without  n  haloRen  acid  acceptor  such  a*  sodium 
hydride. 

Htnliility  studies  \v»‘  ii  aluminum  Ixirohydride 
served  to  *up|Mirt  the  tlieory  of  transitory’  formation 
of  this  material  in  certain  of  tin*  alsivc  hydroRenation 
cx|irriment*.*  For  example,  wlien  0.050-  to  O.lilli-R 
sample*  were  pn>**ured  with  hydniRen  or  nitniRen  in 
u  stainless  steel  l*imt>or  in  silver  or  chrome  vanadium 
hydroRenation  tuliesat  I.Wf'.sulistantially complete 
dccomimsition  .xvitired  in  2  hour*.  Solid  ilecomposi- 
that  prislucts  similar  to  those  pnxhirrd  on  hydro- 
Renat  inR  triethylaluminum  tricthyllxinin  mixture* 
were  obtained. 

ft  .2-1  Lithium  Borohvdride 

Lithium  Ixirohydride  is  a  white,  hygroscopic  solid 
which  ttieorctically  evolves  1,120  ml  of  hydniRen  per 
Warn  on  complete  hydrolysis.  Twts  on  this  candidate 


showed  it  to  react  very  slowly  and  incompletely  with 
water  at  25  C,  and  it  apixxirx,  then 'lore,  to  )*•  «tf 
little  interest  for  use  a*  a  direct  hydropulsc  fuel.*-1* 

Sample*  of  high  purity  wen*  found  to  require  mon* 
than  It)  Meeond*  to  Rriicmtc  iiInhiI  A  |a*r  cent  of  the 
1 1  wore!  leal  hydniRen  with  a  large  exix***  of  water  at 
oniinary  temperatures.*  Complete  reaction,  with  a 
heat  evolution  of  3.3  Cal-g,  was  realised  in  dilute 
solution*  only  by  maintaininR  a  pit  of  7  or  lower. 
AmonR  appmximately  HO  orRiuiie  and  inorRatiie  ma¬ 
terial*  tested  a*  activators  to  pmmote  faster  and 
mon*  eomph'te  reaction,  only  salt*  of  imlladium, 
eolwlt,  and  nickel  wen*  fmmd  to  Is*  effective.  Ilow- 
ever,  own  in  A0  per  cent  eoncentmtion  tlH**e  ma¬ 
terial*  bided  to  pmmote  complete  hydniRen  evolution 
In  less  thnn  10  second*  at  2A  (I.  Further  test* demon¬ 
strated,  on  the  other  band,  tlmt  lithium  iMimhydridc 
react*  In  alxmt  0.05  *rcond  with  on  equivalent, 
amount  «»f  water  vapor  at  107  C  to  evolve  3,600  ml 
of  hydniRen  per  Rrom  or  85  jter  rent  of  tlx*  tlieoret ieal 
amixint.  On  this  basis,  it  i*  tielicvrd  that,  this  candi¬ 
date  should  merit  further  consideration  a*  a  fuel  for 
use  in  “inverted"  hydropulsc  or  uraipul*r-ty|x*  jet 
motors  which  on*  designed  to  o|x*mte  at  IiIrIi  tem¬ 
peratures. 

lithium  Ixirohydride  was  first  prepared  by  the  re¬ 
action  of  ethyllithium  with  dilximnr  *  The  yield  was 
hiwand  t  lie  experimental  technique  waseumlx'rsome. 
Several  impmved  pnardures  have  lx*en  worked  out.. 
Axlium  tximliydride,  which  is  rather  easily  pmpared 
from  scxlium  hydride  and  trimethyl  Ixirate  by  re- 
aetion  at  200 C, 

4Ni.ll  +  H«X'II,),  —*•  Nnltll,  4  3Nit<X'll, 

may  lx*  used  in  a  metathetiral  reaction  with  lithinm 
chloride  in  tmhydnxi*  isopmpylamihe, 

Nnltll «  +  I, HI  — *>  Ulttl,  +  Nn(1 

toRiven  rixnI  yiehlof  ratlier  pun*  lithium  Ixirohydride. 
'Oh*  ilesired  pnxluet  may  also  lx*  olitained  by  tlx* 
miction  of  dilxtrane  with  eitlx*r  lithium  hydride 
or  lithium  ethylate:  •* 

21.111  +  IMh— ►2l.mil, 

.IUX’,11,  +  2IWI. — ►  31.1101,  4-  IK<X‘,lh>, 

A  new  synthesis  of  lithium  tximliydride  h  w-  Siren 
uneovered  whieh  involves  tlx*  liydroReii.itioii  of 
lithium  hydride  tricthyllximn  mixtures  in  cyclo- 
lx*xane.'  In  small  scale  experiments,  lithium  Ixiro- 
hydride  having  a  s|x*eifie  ga*  pnxluetion  of  St, 000 
ml  r  in  dilute  aeld  (e:uTr*ponding  to  01.7  |x*r  cent, 
purity)  ha*  lx*cn  isolate* I  in  alxmt  58  per  rent  yield 
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from  tlk»  cnwk*  reset  kxv  product  l>y  ether  extraction. 
Furtlicr  etls*r  extractions  >*iol«Io<l  material  of  9?  98 
per  cent  purity.  The  lx**t  results  in  a  limited  study  of 
variniilcx  affect  in*  thin  reaction  haw  licen  obtained 
hy  conducting  tlie  hydrogenation  at  2  IOC  ttmler  a 
hydrogen  prewure  of  alxHtt  3,000  psi.  Preliminary 
experiment*  hntr  inditnted  that  the  reaction  is  of 
general  applicability  and  that  tlie  free  metal  may  Ik* 
employed  in  place  of  the  alkali  metal  liydrhk*.  Thu* 
sodium  Ixirohydride  wax  obtained  in  g«xxl  yield  hy 
hydrogenating  triethyllairnnintlte  prexenceof  wxlium 
or  x<Nliiim  hydride.  Then*  ix  xome  evidence  that 
calcium  Ixirohydride  can  la*  prepaml  hy  thix  mettnxl. 

Attemptx  to  prepare  lithium  Iwmhyltiilr  hy  the 
reaction  of  alkyl  Ixiratex  with  lithium  hydride  at 
elevated  tem|iornturrx  haw  indicated  that  xome  of 
tlie  dexirrd  compound  ix  obtained  hy  thix  method, 
lait  the  formation  of  large  amount*  of  lithium  nlk- 
oxhlex  make*  reparation  and  purification  of  the 
pnxluet  difficult.'  In  experiment*  carried  «att.  in 
refluxing  Decalin  (hp  1900),  lithium  Ixirohydride 
having  a  xpeeific  gas  pnxluction  of  2,133  ml  'g  wax 
isolated.  No  lithium  Ixirohydride  wax  obtained  in 
attempt*  to  hydrogenate  alkyl  Ixirate  'lithium  hy* 
dride  mixture*  in  ryrlohrxane  at  240  O  under  a 
hydrogen  pleasure  ot  3,000  pxi. 

A  careful  study  of  tlie  heat  of  comlsixtion  of 
lithium  Ixirohydride  resulted  in  the  acceptance  of  the 
value  of  13,210  +  30  cal  g.» 

41 .5.4  Alkvlaliimintini  llvilridea 

•  • 

In  the  wsirae  of  preparing  triethylaluminuni  for 
text  ax  a  gasoline  adjuvant,  alkylaluminum  hnli'k*, 
olitalned  readily  from  aluminum  and  alkyl  halides, 
were  found  to  react  with  lithium  or  sodium  hydride 
to  giw  extremely  wat**  '-reactive  alkylaluminum 
hydra  lex.1- ‘  Studies  have  indicate!  that  ethyl- 
aluminum  xexi|uihydride,  (',1I»AI1I.:(C,1U)}AIH,  is 
tlie  preferred  candidate  in  thix  new  class  of  com¬ 
pounds  since  it  is  a  mobile  liquid  and  reacts  suffi¬ 
ciently  fast  with  water.  It  will  Is*  noted,  however, 
that  none  of  the  alkylaluminum  hydrides  meet*  flic 
tentative  specification  requiring  a  gnx  evolution  of 
3,000  ml  g.  However,  they  should  Ix*  of  value  for 
testing  the  hydmpulxc  principle. 

When  ctiiylaluniinum  sesquibromide,  (’jHiAIRr*: 
(CjIUliAIHr,  was  treated  with  lithium  hydride  in 
“ixoiKdane"  at  HO  90  ( a  spontaneously  inflam- 
mnhlc,  niohik*  liquid  was  obtained  in  71  |s*r  cent 
yield  after  removing  the  lithium  bromide  and  cviqxi- 
rating  the  hydroeurl mu  solvent  under  vacuum.*  * 
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Small  samples  of  this  liquid  prtxluet,  Micvcd  to  Is* 
predominantly  »thylaluminum  sesquihydride  hut  not 
completely  identified  a*  such,  react'd  with  water  at 
23  C  in  about  0.005  second  and  lils*mted  754  ml  of 
gnx  per  gram,  compared  to  933  ml  |s*r  gram  theory 
for  tlK*  |am>  compound.  Analyses  of  the  gas  evolved 
in  one  ease  showed  nn  ethane  hydrogen  ratio  of 
approximately  00  40.  Reaction  of  cthylaluminum 
scsqttichloridc  with  lithium  hydride  in  diethyl  ether 
at  33  C  gave  xulwtantially  tire  same  n*xultx  alttmugh 
the  liquid  prtxluet  obtained  in  this  enxc  wax  some- 
wliat  cloudy  even  after  filtering.  Tlie  reaction  of 
ethylaluminum  xpstpiiehloritle  failetl  to  proceed  satis¬ 
factorily  in  ether  when  sodium  hydride  wnx  used  in 
place  of  lithium  hytiride. 

Since  mcthylalumlnum  liytlrides  wmild  pmve  con¬ 
siderably  more  efficient  ax  fuels  liecauxe  of  higher 
xpccific  gas  prtsluetionx  with  water,  particular  atten¬ 
tion  has  lx*en  given  topusxiliilitiexof  methylaluminum 
tlihydritk*  and  methylaluminum  scxquiliydride.4-4 
Ttx>  pnslurts  obtainetl  on  n*neting  the  corresponding 
methylaluminum  ehloritlex  with  lithium  or  stslium 
hydridt  haw  licen  ftMind  to  van*  etmxiderahly  in 
their  properties,  howewr,  depending  on  whether  the 
preparation  wax  parried  out  in  hydrocarbons,  such  ax 
»-hexane,  or  in  ether.  For  example,  reaction  of 
methylaluminum  dirhtoride  ((’ll,Al('lt)  with  xislium 
h.vdriik*  in  n-ltexane  at  80  90  (’  has  yielrled  viscous, 
spontaneously  inffnmmalik*  liquids  which  reacted 
with  water  in  alxxit  0.025  second  to  lilierate  up  to 
1,040  ml  of  gnx  per  gram,  rompaml  to  1,320  ml 
theory  for  methylaluminum  dihydridc.  Analyse*  of 
the  gases  evolved  have  shown  a  higher  methane - 
hydrogen  mtlo  than  expected  from  the  dexirrd 
pnxluet  (1.2  I  versus  1,2),  Indicating  ilint  more 
higltly  methylated  derivatives  are  formed  during 
some  stnge  of  tlie  reaction,  possibly  through  dixpm- 
portionation.  On  tlx*  other  hand,  miction  of  methyl- 
aluminum  dieltloride  with  lithium  hydride  in  tlie 
presence  of  ellter  has  giwn  an  etlier-solnble,  halogen- 
free,  white  solid  ns  the  princi|>dl  product .  Tlte  identity 
of  this  solid  liu»  not  is*en  established,  tint  it  is  Is*- 
llcvcd  to  Is*  methylaluminum  dihydridc  contami¬ 
nated  |XM*il»ly  with  ether  and  complex  materials  of 
tlie  type  bi.M((’tl,),Ifi_,.  It  is  insoluble  in  n-ltcxonc, 
contains  some  .combined  lithium,  ignites  spon- 
taneously  in  air,  and  renets  vigorously  with  water  to 
evolve  1,250  tnl  of  gas  js*r  gram.  Analyse*  of  the  gas 
evolved  showed  a  hydrogen  methane  ratio  of  1.0  I. 
Methylaluminum  s<>xqiiichluridc  with  sisliutn  hy- 
dride  in  n-hexune  at  90  100  C  gave  mobile  liquiil* 


SKCR’.rr 


spkcui.  ruKi.a  for  i*Rom.smx 


m 


which  mietcd  with  water  in  alNMit  0.010  ser«»nd  t4» 
lilwmtr  up  to  030  ml  of  git*  per  gram.*  Tin*  rrortion 
in  other  at  35  C  using  lithium  hydride  in  place  «>f 
sodium  hydride,  gave  a  highly  visriais  liquid  from 
which  a  gray-white  solid  <leposit«l  on  standing.  Al¬ 
though  not  positively  identified,  this  solid  appears  to 
consist  mainly  of  lithium  aluminum  hydride,  IJ.\III«, 
a  compound  previously  prepared  hy  Sehh'singer."*  It 
was  found  to  iimtain  eonshieralde  combined  lithium 
in  addition  to  aluminum,  hydrogen,  and  a  small 
amount  of  cnrlsin;  on  reaction  with  water  it  litwmtcd 
2,015  ml  of  gas  per  gram  consisting  of  altout  OH  per 
cent,  hydrogen  (2,358  ml  g  theory  for  IJAIH«).  The 
liquid  product,  from  which  the  solid  was  removed, 
gave  only  000  ml  ot  gas  per  gram  and  deposited 
additional  uuter-rnvt ive  solids  on  standing  at  ordi¬ 
nary  or  elevated  temperatures. 

It  appears  from  the  alsive  results  that  the  reaction 
of  methylahiminum  dirhloridc  and  particularly  of 
methylaiuminum  scsqiiiehlnride  with  lithium  hydride 
results  in  a  complexity  of  pnslucts,  the  individual 
components  of  which  arc  difficult  to  isolate.  tn 
any  event,  tln'sc  studies  have  shown  that  liquid  alkyl- 
aluminum  hydrides  ran  Is*  obtained  which  react 
sufficiently  fast  with  water  to  meet  the  tentative 
s|iecifirtition  for  a  hydropulsr  fuel.  Tlie  gas  prtMlue- 
tioit  (700  1,000  ml/g)  of  tliese  novel  candidates  falls 
short  of  tls*  value  desired  Imt  it  is  lielicvcd  that 
compounds  of  this  type  merit  further  investigation. 

41.2.5  Beryllium  Compounds 

Preliminary  tests  of  lieiyllium  Isindiydri  le  •*  indi- 
rate  that  this  compound  would  Is*  outstanding  as  a 
hydropulsc  fuel  if  pi..ctical  meth«sls  of  preparation 
and  suit  aide  techniques  for  injecting  tin*  solid  into 
water  could  lie  developed.*  In  reaction  mte  studies, 
0.t)7-g  samples  of  I  ►'ry  Ilium  Isirohydride  appeared 
to  react  with  water  at  25  (’  in  0.010  0.015  second  to 
lilicmtc  4,000  ml  of  hydrogen  per  gram,  or  87  per 
cent  of  the  theory  (1,030  ml  g). 

Small  samples  of  the  middle  liquid,  dicthyllicryl- 
lium,  prepared  from  ethylmagnesium  bromide  and 
lN*ryllium  chloride,  hydrolysed  completely  in  0.020 
se»ond  with  excess  water  at  25  C  to  lils’rate  820  ml 
of  the  gas  per  gram,  compared  to  008  ml  g  theory.* 
Analyses  showed  the  gas  evolved  to  consist  of  ap¬ 
proximately  17  28  per  cent  hydrogen,  II  55  per 
cent  ethane,  and  23  27  per  cent  unsiituruted  hydro- 
carlsm. 

Attempts  to  pre|wtre  Is-ryllium  hydrwle  hy  hydro- 
genation  of  dicthylls*ryllium  under  3,00tl  psi  pres¬ 


sure  have  given  a  solid  product  lielieved  to  consist 
largely  of  ethyllietylliunt  hydride.* 1  This  material 
reacted  with  dilute  arid  to  liltemtc  1,340  ml  of  gas 
per  gram,  compared  to  1,150  ml  g  for  elhyllietyl- 
iium  hydride. 

41.2.6  Miscellaneous  Compounds 

Finely  ground  lithium  silieide  (Id«Sij),  calcium  hy¬ 
dride,  and  stslium  hydride  imwdcrs  have  liccn  found 
inherently  more  reactive  with  water  than  lithium 
hydride  Imt  are  considerably  less  <<lficient  fuel  candi¬ 
dates  on  tlie  Itasis  of  hydrogen  evolution.  Kor 
example,  calcium  hydride  of  (bp  particle  diameter 
reacted  completely  with  water  in  0.03  second  to 
evolve  070  ml  of  hydrogen  per  gram.  Pellets  (<# 
x  * m  In.)  of  the  powder  required  only  0.20  resond 
compared  to  2-5  seconds  for  similar  lithium  hydride 
pellets,  lithium  silieide  and  sodium  hydride  reacted 
ns  powders  in  0.01-0.03  second  Imt  ns  pellet*  in  2  4 
seconds,  respectively.  These  materials,  tlastgh  of  k*ss 
interest  than  lithium  hydride  as  fuels  for  hytlropulse 
devices,  nuiy  iutvc  potential  vnlue  wliere  the  quantity 
of  chemical  required  to  develop  a  high  momentary 
thrust  is  not  especially  Important. 

Dilsirane  with  wnter  or  0.1  M  phosphoric  arid 
evolved  4,200  ml  and  4,000  ml  of  hydrogen  per  gram, 
representing  88  |N*r  cent,  and  00  |s>r  cent  of  the  theo¬ 
retical  amount  (4,850  ml/g)  at  25  and  05  C,  re¬ 
spectively,  I  sit  the  reaction  required  many  seconds. 
In  view  of  the  slow  mte  of  renrtion  and  questionable 
stability  of  dilionine  on  storage,  this  candidate  has 
not  npiicnrcd  suitable  ns  a  hydropulse  fuel.  The 
syntlicsis  of  dilstrane  has  I  wen  studied  hy  several 
gnsips.  It  may  lie  prepared  conveniently  hy  the 
reaction  of  Isiron  trifluoride  ethemte  with  such  eom- 
pounds  as  lithium  hydride  "or  sodium  Imrohydride.1* 

Ol.ill  +  2IHV(C,lliM>  — ►  mile  +  *11,1  F  +  2(CJlhM> 

.INnltH,  +  «HF,*U*,II.M> — ► 

2IMI.  +  3NidtF.  +  4fC,ll1W) 

11. 2.7  Test  Metlwds 

An  im|Nirtant  pliase  of  tlie  work  on  hydropulsc 
fuels  has  Isen  coneemcd  with  tin*  development  of 
tnlsimtory  metlusls  for  evaluating  candidates  on  the 
Imsis  of  tentative  sfieeifirutinns  for  gas  evolution,  heat 
evolution  and  rate  of  reaction  with  water.  Kor  rats* 
studies,  s|N*eial  reaction  Uimlts  were devised  in  wliieli 
small  samples  of  eum|M>unds  in  either  solid,  liquid, 
or  vapor  stat«*s  could  Is*  tested;  the  tim**  r**q«iir**«l  for 
complete  reaction  with  water  was  obtained  from  an 
oscilloscope  record  of  the  presstin*  surge  pickl’d  up  by 
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Hydmtmtse  Fuels. 
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Heat  of 
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Refer* 
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3 
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1 

sise) 
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Solid 
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0.03 
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1.3  (calc) 

1 

sise) 
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Solid 

R10 
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0.01 
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It 

1 

sise) 

AKtll.lt,* 
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MCI  1,11,* 

Solid 

1,250 
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•  •  *  • 

5 
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4 
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033 
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1 

ItetC.H.),* 
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1 
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simple  win*  strain  gauges  of  the  Baldwin-Stnithwurk  The  tests  carried  out  failed  to  uncover  nny  promia* 
t-ype.  A  modified  gas  burette  was  employed  for  ing  lends  on  adjuvants  to  increase  the  thrust  or 

measuring  speeifie  gns  pnsluetions,  and  nn  ndinlmtic  speeifie  impulse  obtained  with  (12  octant*  gasoline  in 

Dewar  enlorimeter  for  heat«  if  reaction.' ■*  a  standard  aempulsr  motor  of  the  V-t  butsdsrmh 

Data  obtained  in  lalsrraiory  tests  of  tlie  various  type.*  Tire  selection  of  compounds  for  study  ns 

hydropulsc  fuels  discussed  alsive  anti  referenees  to  ndditivt*s  was  guttled  by  the  pn*mise  that  more  rapid 

previtms  rejsnts  in  which  experimental  tletails  will  ctunbustitm,  possibly  a|>pmaehing  rtmstant  volume 

is*  ftstntl  are  given  in  Table  I.  tmmii.g,  wtiuhl  Is*  desirable,  and  that  (his  might  Is* 

obtained  by  the  use  of  nmntl  amounts  of  (I)  spun* 
41.1  GASOMNK  ADJUVANTS  FOR  tanetmsly  inflammable  materials  «r  (2)  agents  to 

ABROPH  SB  AlWoRS  lower  or  raise  the  cetane  or  octane  mting  of  (lie 

gasoline. 

In  effort*  to  improve  tls*  efficiency  ol  gasoline  as  a  Hpontnncmisty  inHammable  comptainds  in  2  13 
fuel  for  ncmjsilse  mot«»rs,"  emphasis  has  ls*en  placetl  p»*r  cent  etmrentmtitm  with  gasoline,  sijch  as  butyl- 

*n  testing  gasttline  containing  small  amounts  of  lithium,  triethylaluminum,  triethyllsrron  or  mixed 

nritsts  agents  for  improvement  of  thrust  and  speeiS:  methylaluminum  hydrides,  gave  eitlier  no  improve* 

impulse.  Spontaneously  inflammable  materials,  and  ment  or  inferior  results,4  In  preliminary  tests,  5  per 

agents  of  known  value  in  raising  or  lowering  cetane  cent  of  Isityllitluuin  with  gasoline  gave  a  s|**eilie  im* 

or  octane  ratings  of  gasoline  haw  received  major  pulse  alsait  1ft  per  cent  higher  than  that  of  the 

attention.  control.  However,  further  experiments  with  this  tuel 
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combination  in  a  motor  with  improved  valves  anti  a 
mom  accurate  rotameter  failetl  to  etaillnn  the  utU 
vantage. 

Cetane,  when  used  atone  tut  tlte  fuel,  in  one  teat 
Raw  a  15  per  cent  increase  over  Rtutoline  in  specific 
impulse,  Imt  otherwise  no  ettrreiation  lictwecn  octane 
anti  cetane  numlicrs  of  tliffemnt  hyilrornrixm  fuels 
anti  tln*ir  performance  in  jet  motont  wan  olwcrvisl* 
No  advantage  wan  Rttinetl  by  adding  5  25  |>er  cent 
of  typical  diesel  ftH'l  accelerators  or  antiknock  agent* 
to  gasoline,  Mich  tut  s-amyl  nitrate,  di-fertiary  lmtyl 
peroxide,  nitrttmethane,  anti  tetraethyl  lead. 

41. t  l‘KKI*\R\TION  OF  IIYDKOCKN 
PKROXIDK 

In  vk*w  of  tlie  reported  muss***  attained  in  ( ier- 
mtuiy  with  tlw*  preparation  by  a  new  mute  of  hydro- 
Ren  pcmxide  of  IiIrIi  purity,  wttrk  on  the  pnss***  M 
waa  initiatetl  in  this  country.  Tlie  met  hi  si  makes  use 
of  2*ethylanthmt|uinonc  which  is  successively  livilrn- 
Renatetl  anti  oxidised,  thus  licing  lists  I  over  anti  over 
aRain  as  a  medium  for  the  union  of  the  elements 
making  up  hydrogen  peroxide.  In  earning  out  the 


posts  It  i  re  four  different  alterations  are  involved: 
(I)  reduction  of  the  (|ttinime,  (2)  removal  of  catalyst 
from  the  reaction  mixture,  (it)  oxidation  of  the 
qtiinhydnme  with  air,  tind  (4)  removal  of  peroxide 
from  the  miction  mixture. 

lol  strut  ory  studies have  shown  that  tlte  nslnetion 
of  2-ethytunthraquinunc  to  the  cormsponding  quin* 
liydmne  with  suliseqttent  oxidation  gives  quantita¬ 
tive  yields  of  hydrogen  |s>roxitle*  Tlte  pnss<ss  may 
lie  repeated  many  times  without  a  significant  dc- 
crease  in  the  yield  of  hydrogen  pcmxide. 

A  tetrahydnw2-ethytantiirai|uinone  was  prepartsl 
by  quantitative  nslnetion  of  2-cthylnnthmquinntic, 
and  was  used  in  tlte  alstvc  pnsx'ss.*  It  ap|>ean«  prolr- 
al»le  that,  thnmgli  the  use  of  the  tctmhydmquinonc, 
tlte  yield  of  hydmgcn  pcmxide  per  eyrie  may  almost, 
lie  dmihlisl  iiw  that  ohtainisl  with  2-cthylnnthra- 
quinottc.  Tills  is  due  to  tlte  fact  that  the  tctmhydtst- 
qttimme  may  In*  00  |*>r  «sint  nsitussl  to  tin*  hydro- 
qtiinooc  with  no  pns'ipitation  of  organic  material 
fmm  tlte  reaction  solvent,  wherens  no  mom  than  50 
fier  cent  of  2-cthylanthnU'Uinonc  can  lie  nsitussl  to 
the  hydmquinonc  (i.e.,  to  the  qtiinhyrinmc  sttige) 
without  precipitation. 
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Chapter  42 

INSECT  AND  RODENT  CONTROL  STUDIES* 

Hy  Jttm  nh  lire 


42.1  INTRODUCTION 

if k  covrKoi.  of  insects,  other  arthmpods,  »nd 
nslcnts  «m>  pniblems  of  major  importance  to 
tin*  Armed  Services  during  World  War  II,  and  a  con¬ 
siderable  tunoiiiit  of  research  on  the*’  problem*  was 
curried  out.  Itofort*  om I  during  the  war  years.  TI«‘ 
investigations  performed  within  Division  0  of  tin* 
National  Defense  Research  Committer  fNDHC] 
were  almost  entirely  of  a  chemical  nature  and  reprr- 
sented  a  small  portion  of  the  total  work  done. 
Product  a  develo|*ed  in  Division  9  were  submitted 
to  otln’r  lnlsuutories  for  entomological  evaluation 
and  toxicity  studies.  This  chapter  in  intended  only  i*» 
Indicate  the  scope  and  results  ot  the  studies  carried 
out  within  Division  9,  although  occasional  mention 
of  other  work  is  made  to  clarify  the  presentation. 

Tlie  investigations  were  concerned  with  DDT, 
insect  repellents,  mitieide  binders,  and  rodonticides. 
TIm*  chemical  composition  of  the  technical  DOT  pro- 
dueed  in  April,  1911,  was  determined.  Formulations 
containing  DDT  were  prepared  for  a  variety  of 
applications;  (•specially  noteworthy  is  a  water* 
dis|s>rsible  noncaking  |towder  containing  more  than 
90  |*>r  cent  DDT.  Several  methods  for  the  deter¬ 
mination  of  DDT  wen*  developed  and  evahte.ed. 
Alsrtlt  2,100  eiuulidate  insect  repellent*  wen*  prt*- 
pured;  more  n'pellency  data  are  needed  to  evaluate 
od(*quat(*ly  the  lictter  repellents  unc<»vered  during 
this  study.  Hinders  were  fovul  which  extend  tlie  life 
of  miticides  impregnated  m  clothing.  Kfforts  to  find 
a  rapid  and  accurate  dtemicnl  method  for  the  assay 
of  the  nslenticide,  red  stptill,  were  not  successful.  Of 
the  OX  compounds  submitted  for  testing  as  nslenti* 
eid(>s,  sodium  fluoroaretate  (tOXO)  has  proved  to  lie 
outstanding;  alsmt.  1,000  pounds  of  10X0  wen*  sujw 
plied  for  field  tests  by  other  organisation*. 

12.2  CIIKMICU.  COMPOSITION  OF 

TKCHNICU.  DDT 

Infonnation  n*ganling  the  chemical  composition 
of  te  chnical  DDT  and  tie  tnseeticidal  potency  and 
physiological  action  of  its  eom|»oncntx  was  de**red 

*  IUi^nI  oil  tllf«>riu:i1loti  av:lil.tl»lc  to  Division  9:\*  of  XuvWU- 
!h*i  1,,  I  Dir*,  mi  ilc-'  rniimtctl 


by  tlte  Armed  Sen-ices  for  use  in  writing  specifica¬ 
tions.  Samples  of  technical  DDT  obtained  from  thn*e 
of  the  four  conqtanics  producing  DDT  in  April  1911, 
and  a  by-product  oil  obtained  from  tlte  fourth  com* 
pany  were  studied.1'* ’*  *  F<mrteen  eom|siunds  w<*re 
isolated  fntm  tliese  samples  and  identified.  t-Tri- 
ehlon*-2.2-6fs(/M*hlorophenyl)-etitatu**  (/»,/»'-DI)T) 
eon»pris(*|  alsmt  70  75  |s*r  cent  of  the  technical 
pmduct,  and  l-triehloro-2-(M*hlon)phenyl-2-/>-ehlon»- 
phenylctfuinc  («,//-00T)  was  present,  to  the  extent, 
of  alsmt  20  per  cent.  Adequate  amounts  of  f  lu*  four¬ 
teen  cntn|XHtnd*  were  provided  in  a  pun*  state,  by 
isolation  anti  synthesis,  for  entomological  and  physi¬ 
ological  tests  in  other  lalsiratories.  The  entomological 
data  indicate  that  tlie  insecticidal  activity  of  tech¬ 
nical  DDT  is  due  primarily  to  />,//-!)  DT.5*  In  larviei- 
dtd  activity,  o,//-DDT  is  alsmt  one-fifth  as  effective 
as  />,u'-DDT  but  is  of  little  value  against  adult 
mosquitoes,  iuHiseflies,  and  Issly  lice.  1,1-Dichloro- 
2,2-fc»*(/M*lilorophcnyl)-ctluuie  (/i.p'-DDD),  which 
was  present  in  small  amounts,  isos  toxic  ns  /»,/»'- DDT 
to  mosquito  larvae  and  adults  hut  is  k*ss  toxic  than 
P.//-DDT  to  houseflies  and  Issly  lict*. 

Ktnctionnl  cry*t alligation,  ehronmtogmphie  sepu- 
nition,  distillation  in  high  vacuum,  and  cryoseupin 
analysis  were  employed  to  separate  the  eom|smenta 
from  etieh  other.  Results  of  the  isolation  studies  tire 
indicated  in  Table  I. 

Tlte  presence  in  technical  DDT  of  each  of  the 
fourteen  eomismmL*  may  Is-  explained  fntm  a  con¬ 
sideration  of  tin*  |s»ssiblo  reactions  of  technical  chloral 
and  technical  ehinrnlicngcne  in  tin*  presence  of  sul¬ 
furic  acid  end  sultscqucnt  reiu-tions  in  washing  the 
reaction  pnsiuet  with  tm  alkaline  solution. 

Tlte  n -coven-  of  identified  eom|smttds  in  the 
samples  ranged  fn»tn  80.0  95.5  js*r  cent.  The  samples 
wen*  not  exhaustively  stndi(*d.  Tin*  oils  which  re¬ 
mained  after  all  the  solids  that  erystalligcd  had  l*cen 
n*m(»v(*d  had  elemental  analyses  similar  to  that  of 
DDT  homers.  These  residual  oils  probably  contained 
"tte  or  mon*  DDT  isomers  in  addition  to  the  «,//- 
and  /», //-isomers,  although  degradation  of  two  of  tlte 
oils  did  not  lead  to  the  formation  and  isolation  of 
other  than  the  «,//-  and  p,//-dichlornl*>iignphciiniics. 

Seven  of  tls*  fourteen  com|siuud*  i solans!  Irom  the 
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T\si.r  I.  C‘t*m|*is|iiiMi  of  teetuilrnl  l>DT 

M 

(*om|sstml 

Hnmtth*  t** 
percent 

Sample  21 
percent 

Ha  in  pic  3* 
percent 

Sample  41 
|s*r  cent 

l-TricliliihH2,2-tii»<  /wIiloMpliMiyl  Vethr.ts*  ( 

(«)IW.? 

<h)72.t* 

(t»)70.3 
(e)  03.3 
(d)04.3 
(c)  «7.0 

(a)  72.7 
(h)  70.7 

... 

l-Trichloai-2-o<eli1iiro|ilM*ri.vl-2-fH,liloa»|»lit'nylt*tlinis*(o,/»'*l>l>T)tt 

m.ft 

(et  7.tt 
<«!)  13.3 
(c)  20.0 

U.ttt 

ri.Mt 

1,1-Diclilons''  n-hin<  /M'lilons'ls'iivl  WllmtH-  ( )  >21 

0.3 

4.0 

0.17* 

1, 1-1  )lc|il«ns*.sM'liloro|ils*n.vl-2-fM*lilnm|iltcny  Id  Inns*  («,;i'*l)l)l»}t 

•  •  • 

.  .  . 

0.041 

2-THclilor<sltHcliloni|ilH'iiyidhyl  /«-rhlorols*n»*ts*  xulfoimli'}} 

0.1 

t.H3 

0.37 

0.1 1 

2-Trichh  m  y  t  •/►elihimpls'iiv  Id  hn  not 

(t.2 

.  .  . 

«  •  • 

» * » 

bid  /M  'hloroplicn  vl  Psulftss* 

o.« 

O.t 

0.034 

a^'hl<:asn-|echloro|ihcuyliicdumiilctt 

.  .  . 

0.01 

0.000 

«4’h!onHa-os*hhiro|ilM*nyliii*i*1iimi<h*tt 

.  .  . 

0.007 

i'lilonils'imcm* 

.  .  . 

•  •  * 

.  2.44 

g-l  )lrhlon,l«*niM*iM* 

.  .  • 

•  •  * 

'  0.73 

1 , 1 , 1 ,2-Tci  mchlons2-ps*lilontj*ls*ny  Id  hnnett 

.  .  . 

•  •  • 

»  .  • 

+  11 

Hislium  fM‘hlonils*tiM.|s<  snlfonute 

0.02 

•  .  . 

»  •  • 

Ammisiimu  |sflilorol»*nrciw  sulfonate 

,  t  , 

•  •  • 

0.003 

Inorganic 

0.1*. 

0.0P* 

0.01  tt 

I  ni.lcnllftct!  and  hissc* 

0.3 

3.1 

10.0 

10.4 

*  l-rtiit*  in  r**fi*r  t«»  an*t\limt  iwriHndu  m  fn||«»ww:  fa)  !*4*t'mtt  frnm  )irhni*ul  HOT.  'h)  r-  from  7A  |Mf  met  »)»‘noi  rthnni 

pfrrimkdy  KAturntnl  with  !».#»*•  OI>T.**  (r)  framimml  rt)  *t«ltimttm».  till  ni  •**)»*  it  *t  atifttyntfl  ami  (rariinmtl  rry«t*lli*ntk>4i.  («•>  bmlatlot*.  •upfdrmmMwl  bv 
•  ntnity*i*  «m  thr  rmitlur, 

t  TtiU  vatin*  <li««  turf  rrim'wiii  alt  itrramt.  a*  ail  mly  fn»rtlmH»  *w  n*4  rtlui'XtlvHy  iMinllml. 

\  MUrrIUlMHm*  frartkma  ei.mnlnitt*  j».f»M)|!T.  ami 

|  lnr)u<l  <«i  tHHl  t««r  nftt  of  p  ;»-0!)|  >  Udutni  am  nurlt  ntnl  ♦)  1 1  |rr  «*nt  «»f  tin*  in  *n*»|M  tinting  oMIu. 

)  as  nitro  <W+iv*ti\r  from  an  ml  mixture  analysing  for  a  mixturr  «rf  (MU'.lawl  (Mlrf'U  ami  n>|irwntitui  ••At  |n»r  «rnt  nf  nrigttml  material. 

•  (Jonlitam*-  tmita  f  »r  frtlir.  Ji*aU.  4m!  magnesium  rarhnfmtm  arm-  obtainml. 

*•  InanluliW'  in  boiling  DA  |*t  rmi  rthanot. 

tt  (hmlitativ*'  tmU  for  fmir,  ammonium.  halitlr.  ami  atalfatn  kma  aw  otiinihml. 
tt  Not  tbarrilwal  1  m*\  i.  nj*l  v  in  thr  litcraturr. 


four  sample*  examined  Imd  not  liocn  dcxcrilied  pre¬ 
viously  in  Uk>  li  tomtom.  Tin*  structure  of  each  of 
those  oompoondx  wax  established  l»y  olomontal 
analyses  and  degradation  to  known  materials,  and 
confirmed  by  syntlH*si*. 

Tin*  identity  of  (be  compound*  descril**d  previ¬ 
ously  in  tin*  literatim  wax  demonstrated  l>v  compari¬ 
son  with  the  reported  physical  properties,  mixed 
melting  point,  and  preparation  of  suit  aide  deriva¬ 
tives. 

Ihiriuc  tire  course  of  this  study  a  numiier  of  com¬ 
pounds  wen*  pmpanxl  that  wem  either  derivatives  or 
intermediate*  of  the  compound*  found  ir,  technical 
DDT.  I.imitcd  effoits  to  xyntlicxisc  the  «>, (/•isomer 
wem  unsuccessful.1"''  The  other  oonipounds  related 
to  this  study  which  wem  prepared  include  all  six  of 
the  isomeric  dichlorol*>n*ophcnoncs  with  one  cldorim* 
on  each  ring,’  l-ehlori*-2,2-fc/*(/>-chlornphcnyl)  ethane 
(DDM  I,1  l-trichlon>-2-m-c!don»plM'nyl-2-/»-rldoro- 
pheuyh'thane  (*«,//- DDT  l,1  and  the  olefins  formed 
by  dchydrohalogcnation  of  the  sevend  isomers  of 
DDT.'  **• 


12.5  DKTKRM I N  4TION  OF  DDT 

Methods  studied  within  Division  0  for  the  analysis 
of  DDT  wem  Imsril  on  infrared  ami  ultraviolet  iiIh 
sorption  spectroscopy,  cryosoopy,  estimation  of  the 
phosgene  liltcmtcd  u|s>n  oxidation  of  DDT  with 
chromic  iu*id,  Heilstcin  t<**t  for  halogen,  and  color 
formation  by  treatment  «»f  nitrated  DDT  with  alco¬ 
holic  alkali.  Publications  in  the  open  literature  on 
mcthtsls  for  the  analysis  of  DDT  have  ls*en  siim- 
mariacd  elsewhere.’* 

Infharkd  SPKITHOSCOPY 

Infrared  spwtroscopy  was  successfully  applied  to^ 
the  churactcrixathm  of  technicid  DDT,  determina¬ 
tion  of  the  relative  proportions  in  which  a  compound 
occurs  in  different  lots  of  t<*chniral  DDT,  anti  the 
quantitative  analysis  of  I >!  >T  in  unknown  *olut  ions. 14 

A  study  of  the  infrared  ulmorption  s|x*ctra  of 
samples  of  DDT  and  />,//- DDT,  (»,/»'- DDT,  »»,//- 
DDT,  /t,/t*-DDD,  b/x(/M'hlorophrny|)-sulfnnc,  1,1- 
dichlont-2,2-bM(/>-chlon)phcnyl  M'thylenc,  tunl  2.2,2- 
fnchloro-l-<Kchlorophcnvlct.hyl  /M'hlorolicnmnesiil- 
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fonnte  resulted  in  the  assignment  of  aiworption 
Ixualx  to  structural  unit*  characteristic  of  com¬ 
pounds,  ( 'omparisou  nf  tlx*  infrared  xpcsdrum  of  a 
sample*  of  tcrhnic*nl  01  >T  wit h  the  assignee!  alvsorp- 
fion  Imials  thus  |x*nnitse|iialitative  determination  of 
most.  of  llm  com|xmiuls  eeimprising  tin*  sample.  The 
relative  pro|xirtions  in  which  a  compound  ex*e*urs  In 
difftwnt  sample*  of  commercially  prexluccd  DOT 
out)  Ik*  determines!  by  n  esmqxirison  of  tin*  alixorption 
e*ex*ffie*ie*nts  (expressed  as  lo$Ci„  /„  /,  when*  /„  ix  tin* 
tmnsmittesl  radiation  at  aero  concentration  and  /  is 
the  tranxniittcd  radiation  of  the  xample)  of  the 
different,  xampicx  at  the  appropriate  characlerixtie 
wnvele*ngtlis.  Tin*  epuintitativc  anaiyxix  of  DOT  in 
unknown  xolutionx  ix  accomplished  hy  comparing 
the  per  cent  of  transmission  of  the  unknown  xample 
at  n  characteristic  wavelength  with  a  reference  curve 
obtained  hy  plotting  known  concentrations  against 
percent  of  transmission. 

The  infrared  altsorption  spectrum  of  a  sample  of 
DOT  can  lie  obtained  from  ax  little  as  a  1-mg  sample. 
Alxiut  45  minute  is  mptired  to  ressml  the  complete 
spectrum  over  the  range  from  I  15  g.  If  only  the 
range  from  7  12  g  is  examined,  a  record  can  Ik*  made 
in  alxHit  10  minutes.  The  ipiantitative  analytical 
procedure  for  determining  the  concentration  of  DOT 
cun  lx*  completed  in  less  than  30  minutes,  preserve 
the  xampk*,  ami  |x*miitx  anaiyxix  of  xampk*x  texi 
small  for  gravim«*tric  or  volumetric  metlaxlx.  Tin* 
ex|M*rimental  emir  of  the  metlaxl  with  dilute  solu¬ 
tions  (0.25  per  cent )  is  alxiut  10  per  cent  and  with 
more  concentrated  solutions  (1  25  per  cent )  ix  alxnit 
3  per  cent. 

ri.TRAVUU.KT  Sl'KlTROscoeV 

Studies  of  tlx*  u’!ravior  i.  absorption  x|x*ctro  of 
technical  DOT  and  several  of  its  components  imli- 
ruted  that  ultraviolet  s|x  ctmseopy  could  not  serve 
as  the  basis  for  a  useful  prtxvdure  for  tlx*  analysis  of 
technical  DOT.' 4  A  detailed  study  of  the  corves  over 
the  whole  wavelength  range  seems  necessary  to  reach 
even  a  tentative  conclusion.  I'ltraviolet.  alixorption 
data  wen*  obtained  for  p./i'-DDT,' 4  «,/»'- DOT,1-4 
»«,/»'- 01  >T,*  /»,/>'-!  )1  )| ),'  2-t  richloro-liM-hlomithenyl- 
etliyl  /M'hlorolx'iuM*n<*sulfonatc,4  four  samples  of 
technical  DOT,4  a  by-pnxhict  oil,*  tctranitm-/>,/»'- 
00T,*  tctriinitro-»».»i'-|)OT,*  and  the  and 

;»,;>'-«lichlorolx,n»ipiH*non«*s.* 

(’hvoscopu;  Analysis 

A  genenil  nx'thisl  for  <letermining  the  composition 
of  a  mixtnn  de|x*nds  upon  determination  of  the 


freeaing  point  depression  produced  by  that  mixture 

(1 )  in  a  solvent  not  a  com|*oneiit  of  the  mixture,  and 

(2)  in  the  solvents  known  or  xux|iccted  to  lx*  com* 
ponents  of  the  mixture.41  In  principle  this  method 
may  tx»  applied  for  each  component  of  tin*  mixtnn*, 
but  in  practice  it  is  employisi  only  for  coin|Mmeitts 
pn*si*nt  in  sulmtantial  amounts.  Using  this  prexs'dure 
the  «,/*'-!  >I)T  and  p,/»-00T  contents  of  two  residue** 
obtained  during  a  fractionation  of  a  sample  of  Uch- 
nieal  DOT  were  determined.1 

Kmtimation  op  DOT  iiv  Phohciknk  Mktiioo 
Tlie  mcthcxl  for  tlx*  determination  of  DOT  which 
is  ImixchI  upon  the  oxidation  of  DOT  with  chromic 
neid  and  estimation  of  the  liliemtcd  phosgene  **  was 
studied  nnd  its  sensitivity  improved.1'  An  uppamtux 
suitable  for  the  determination  was  designed.  The 
phosgene  is  swept  thnmgh  a  small  area  of  sensitised 
paper  by  a  slow  stream  of  air,  and  the  intensity  of 
the  colored  spot  is  related  to  the  amount  of  DOT  in 
tlx*  sample  with  the  aid  of  ii  calibrated  reference 
curve.  Under  conditions  of  maximum  sensitivity  the 
metlxxl  is  suitable  for  samples  less  than  1  gg.  The 
cx|K*rimcntal  error  may  Ix*  10  15  |x*r  cent.  Technical 
DIJT.  /*,;>’-I)I)T,  nnd  «,/>-DDT  yield  results 
identical  within  limits  of  experimental  error. 

Oktkition  of  DDT  on  I,ai 'yi’KRP.n  Si  kfacks 
A  metlxxl  Ixtxrd  on  the  licilxtcin  test  for  hnlogen 
was  dcvcto|x*d  for  tlx*  detect  i<m  of  DOT  on  liM*qix*red 
surfaces.1*  The  methixi  involves  wiping  tlx*  Iwqueml 
surface  with  a  cellulose  alixorption  mat  impregnated 
with  cop|x*r  carls  mate.  Tins  mat  is  then  bunas  I  in  a 
s|xs  ial  Immer  which  eliminates  the  yellow  color  in 
tlx*  Hame  and  makes  possible  tlx*  detection  of  the 
green  color  against  a  dark  background.  The  quantity 
of  DOT  can  Ix*  estimated  roughly  from  the  Intensity 
of  tlx*  green  color.  Tlx*  test  is  sensitive  to  It)  ug  of 
DDT,  can  lx*  carried  out  in  less  than  I  minute,  nnd  is 
not  affected  by  xexliiim  chloride.  It  would  Is*  ixissible 
to  make  a  kit  gixxi  for  1,000  or  more  tests,  weighing 
|c*ss  than  I  pound,  and  exs'iipyiug  a  volume  of  alxiut 
10  cubic*  inches.  This  metlaxl  wax  not  studies!  ex¬ 
haustively. 

<*oum  Tkht  poh  />,/i'-D  I  )T 
Tlx*  na*thcxl  for  the  det4*rmination  of  /»,/*'- DOT 
which  is  Uixcd  on  the  production  of  a  blue  color  when 
let ranit ro-/»,/>'- DOT  is  trcatcsl  with  inctlmnolic 
scxlium  hydroxide  14  was  investigates J  with  tla*  ol»- 
jevtive*  of  increasing  it «  sensitivity  (Kt-gg  **unple* 
respiiresli  anii  xhorl4*niiig  the*  lime*  iiccsssarv  te»  cart* 
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«Mtt  the  text  (3  I  hours,  although  several  sample* 
(•tut  lx1  run  cimcurretitly).’**-'"'  Limited  studio*  lit* 
dicatcd  ti  modified  procedure  which  involve*  nitra¬ 
tion  of  the  *tmt|>le  followed  hy  treatment  with  metlia- 
nolie  potassium  hydroxide  to  I**  satisfactory  for  the 
(piantitative  determination  of  /»,/>-DDT  in  the  al>- 
Hcnce  of  appreciable  amount*  of  tlie  hy-pn*htct* 
normally  prenettt  in  technical  DDT.  A  *intple 
colorimeter  suituhk*  for  n*e  in  tin*  field  wa*  devi*ed. 
Tlie  pnimlun*  apttcar*  to  lie  *rn*itive  with  samples 
ji*  small  a*  3  MX.  can  l*>  completed  within  15  nvnutes, 
’and  :*  accurate  to  almut  20  per  cent. 

12.  t  DDT  FOHMt’LXTIONS 

Dikukhkiiu.k  DDT  PownKRa 

Tlu*  Armed  Service*  wanted  DDT  formulation* 
with  a  high  DDT  content  in  order  to  nave  transpor- 
tation  apace.  Concentrate*  which  were  sclf-cmutsi- 
fiahle  in  water  and  contained  20  25  per  cent  technical 
DDT  were  used  extensively.  Studies  directed  toward 
tlie  development  of  water-dispersible  powders  to 
contain  at  least  1H)  per  cent  DDT  were  successful." 
Tlie  dispersible  jsiwders  developed  during  this  study 
generally  contain  an  anticaking  agent  and  dispersing 
agents  in  addition  to  tlie  DDT,  and  can  most  simply 
lie  prepared  by  (Hissing  the  blended  components 
through  a  microniwr.  They  do  not  cake  during  pro¬ 
longed  storage  at  05  (’  and  require  only  manual 
mixing  with  water  to  pnsluce  well-dispersed  sus- 
|N<n*ions  which  arc  equal  in  insecticidal  effectiveness 
to  emulsion  concentrate*  or  oil  solution*  of  DDT. 

T<**ts  against  insects  showed  that  the  effectiveness 
of  *u*|M>usiun*  of  !>*>T  increased  with  decreasing 
IMirticle  size  over  the  range  from  22  m  to  al«sit  0.5  it. 
M(>th(*ls  involving  microniaition,  wet  Udl-miliiiig, 
and  emulsification  of  molten  DDT  in  water  were 
f«Hind  satisfactory  for  tlie  comminution  of  DDT,  with 
mieroiiization  proving  to  lie  the  most  practical. 
Micropul veriwng,  colloid  milling,  and  viscous  mixing 
were  unsat  isfaetorv.  Aerosol  grade  DDT  or  technical 
DDT  purified  bv  crystallization  or  solvent  extrac¬ 
tion  could  !*•  readily  micronizcd,  whereas  technical 
DDT  tended  to  pack  in  the  mieronizer. 

The  resistance  of  DDT  to  caking  at  high  teiiqiera- 
tures  was  increased  by  fit  using  DDT  consisting 
essentially  of  /i,/»-DDT,  (2)  isolating  the  DDT 
particles  from  one  another  by  means  of  a  finely  di- 
vidisl.  low-densitv  solid  diluent  or  anticakiug  agent, 
and  tHi  coating  the  DDT  |Hirticles  with  a  film- 
forming  material.  Purified  DDTisn*sistnnt  to  caking 


at  55  ('  lad  nut  at  115  the  use  of  either  lUitieaking 
agent*  or  film-forming  materials  with  purified  DDT 
yielded  product*  which  did  not  cake  in  storage  at 
<15  (’  for  several  months.  Silica  aerogel  and  earlsm 
black  wen*  the  most  effective  anticakiug  ngimts 
which  wen*  found,  although  low-density  silicic  acid, 
calcium  silicate,  expanded  vermienlite,  micmpulvcr- 
isaed  asls*stos,  hydmted  alumina,  and  a  diutomaomis 
earth  also  were  effective.  Isiw  hulk  tk'iisity  seems  to 
Ik*  a  prime  requiwmcnt  for  an  anticaking  agent.  Non- 
caking  DDT  |H>wders  were  pnMhteed  by  coating  the 
individual  iHirtieles  with  protective  films  of  water- 
soluble  |Milymcric  materials  stteli  as  methyl  cellulose 
and  polyvinyl  aleoliol;  however,  since  tlirso  coated 
pnslucts  are  pn*|>ured  by  a  rat  er  lengthy  pris-ess, 
mon*  attention  was  devoted  to  tlie  development  of 
tin*  much  simpler  mirroniaing  process. 

A  considerable  numlier  of  tlis|N*rsing  agents  wen* 
exiunined;  of  them  Igcpon  T  CC'iilW’DNW-lld- 
(’jlls^DjNa]  and  polyvinyl  nlcnliol  (gnuk*  RII-<123) 
are  outstanding.  Tliese  agents  performed  well  with 
different  lots  of  purified  DDT,  an*  compatible  with 
various  types  of  antiraking  agents,  and  give  pnshicts 
dispersible  in  hani  water.  In  some  formulations  more 
than  one  siirfaee-netive  agent  were  used;  the  auxiliary 
agents  seem  ♦**  increase  the  wettability  of  the  pow¬ 
ders  and  supplement  tlie  dispersing  action  of  the 
priiici|»ni  agent. 

Severn!  attractive  dis|K*rsibte  DDT  |siwders  were 
pni»an*d  during  the  emirs**  of  these  studies.  Tlie 
percentage*  r«im|M»sitions  of  three  of  the  pn*fern*d 
|H»wders  an*  given  in  Table  2. 

T vauc  2.  IVnviitJigr  nmi|sisiiiiiti  of  (lure  rc|>rc«ciiliitivc 

dtyswldo  |)I>T  |smik*is. 

Powders 


(‘mn|sitK*nl«  I  2  !1 

AcriK,4  grade  I>I1T  110.5  HO  1HI 

Sdiea  ro*r.«Kel  (Sanlofell  *1  7  (I 

Dilmtvl  |dicliyl|)lM*nel  disiilfntmtc  (An— 
klcnc  4001  0.5  3 

Polyvinyl  ntmliel  (gnufc  HU  023)  2 

Niiiili'.lmlciH'  furmiiklchvilr  sidfoimtc  / 

(Dnxndll)  I  I 


Samples  of  powder*  of  the  types  indicated  in 
Table  2  have  liecn  supplied  to  the  l’.  S.  Army,  Navy, 
Department  of  Agricult  tin:,  and  other  organizations 
for  further  practical  evaluation.  The  laboratory  de¬ 
velopment  of  these  powders  is  substantially  com¬ 
pleted.  Since  space  for  tnins|s>rtatiou  presumably 
will  Is-  less  valuable  iu  time  of  |s>ace  than  dining  the 
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remit  war  .warn,  these  dispersible  jsiwdcrs  of  hitch 
DDT  content  will  Ik*  rom|>ared  critically  with  formu¬ 
lation*  of  lower  DDT  content  to  determine  whether 
prisluction  of  a  hitch  DDT  content  product  is  dc- 
simlile. 

Disckhsiiii.k  DDT  Pastk* 

XiviI  hy  tin*  Armed  Service*  for  practical  formula¬ 
tions  with  a  hitch  DDT  content  prompted  studies  on 
concent rated  aqueous  pastes  of  finely  divided  DDT 
in  addition  to  work  on  emulsion  concentrate*  and 
dispersible  powders. 

Water-dispersible  jwstes  containing  SO  70  per  rent 
technical  I  >1  >T  have  Inn'll  developed.15  *  These  pastes 
are  resistant  to  settling  or  agglomeration  during 
storage  at  MC  and  are  readily  dispersed  to  gi.e 
dilute  sus|M*nsions  for  spniyinx.  A  typical  comixisitiun 
is  liall-niillcd  DDT  (53  |M*r  rent),  sodium  liicnin 
sulfonate  (I  per  cent)  as  dispersing  agent,  polyvinyl 
alcohol  ( 1 .2  per  cent )  as  stabilising  agent.,  anil  water 
(4l.fi  |K*r  cent).  The  two  prime  requirement*  for  a 
I  taste  to  Is*  stable  at  SS  ( '  wen*  shown  to  lie  ( I )  com¬ 
plete  dcHoceulat  inn  of  the  DDT  particles  and  (2)  sta¬ 
bilisation  by  mean*  of  a  protective  colloid  to  prevent 
either  settling  or  aggregation  of  the  par1iek**  during 
storage. 

The  studies  on  aqueous  pastes  which  litre  lieon 
carried  out  are  not  exhaustive  Nit  can  serve  as  a  good 
Imckground  for  any  additional  work  on  DDT  pastes. 
I'se  of  purified  DDT  should  give  paste*  stable  at 
temperatures  nlmve  SBC,  and  tlic  niaximur.i  <s»n- 
rentmtion  of  DDT  in  paste*  remain*  to  Is*  de¬ 
termined.  While  | tastes  avoid  the  use  of  tlie  Hum¬ 
mable  solvents  prt**cnt  in  emulsion  eonmit rates,  dis- 
persible  |Kiwderscontaini*cat  least  Wiper  cent  DDT, 
which  contain  ncitlier  solvents  nor  water  as  diluents, 
are  inherently  more  attractive. 

Soi.VKNTs  kou  DDT 

A  variety  of  solvents  and  solvent  system*  for  DDT 
were  evaluated  with  the  objective  of  finding  solvents 
or  solvent  eombiimtioiis  for  application  in  einulsiiHi 
concent  rati**,  concentrated  solution  sprays,  and  solu¬ 
tions  containing  a  high  js’recntage  of  DDT  which 
would  N*  suitable  for  dilution  with  oils  available  in 
the  field.1"  Several  attractive  solvent  systems  were 
uncovered. 

A  system  comprising  SO  |turt*  of  Solvesso  No.  3 
la  hydrogenated  naphtha)  and  20  part*  of  eyelo- 
hexanotie  dissolves  73  parts  of  DDT  and  has  a  Hash 
jstint  of  135  l-.  It  seems  satisfactory  with  reqiret  to 


flasli  jHiint,  noneurrosiveia*ss  to  plasties,  low  toxicity, 
and  water  cmutxitiahitity.  Solvesso  No.  I  (Hash  |siint 
<  100  F)  is  equal  to  xylene  in  solvent  power,  and  in 
rumhination  with  10  per  rent  of  cyelohexanune  or 
metliyl  ethyl  ketone  the  solvent  action  is  equal  to 
that  of  cyctoliexanonc,  which  dissolves  an  equal 
weight  of  DDT  to  give  a  50  per  cent  solution.  Methyl 
ethyl  ketone,  isophorone,  and  mesityl  oxide  an* 
among  the  |silnr  solvents  found  to  Ik*  equal  to  eyelo- 
Itextittone  in  solution  rapacity  for  DDT.  A  uumN'rof 
hydroearlsm  solvents  were  examhusl. 

Propylene  oxide  anil  ethylene  oxiik*  were  found  to 
posses* outstanding solution  eapaeity  for  DDT  (I7()g 
and  130  g  DDT,  1(H)  g  solvent,  respectively).  'Him* 
solvents  are  tixi  volatile  for  use  in  emulsion  concen¬ 
trate*  Nit  merit  investigation  as  auxiliary  solvents  for 
aerosol  systems.  In  u  scouting  ex|M*riment  a  standard 
Army  issue  aerosol  Nimh  was  charged  with  It)  |K»r 
cent  DDT  (threefold  increase  over  the  standanl  sys¬ 
tem),  7.5  per  rent  ethylene  oxide,  and  82.5  per  rent. 
Freon  and  was  found  to  spray  satisfactorily  a*  a  fine 
aerosol.  Toxicity  and  explosion  haxanls  of  systems 
containing  these  alkylene  oxides  were  not  explored. 

SmiMeK-AcTivK  Aoknts  wm  Kmilsikiahm:  DDT 

('ONTKXTRATKS 

The  development  of  DDT  eonrentrates  self- 
emulsifiabk*  in  water  was  ilesired  hy  tin*  Armed 
Service*  i;,  ortler  to  save  shipping  s|Nire.  Tlie  first. 
DDT  emulsion  conrentmtc  n*eommendeil  to  the 
Anmsl  Services  wns  comprised  of  20  per  rent  DDT, 
W)  per  rent  xylene,  tuid  20  |K*r  rent  Triton  N-KH)  (a 
|s»lyethylene  glycol  oetylphcnyl  ether).5*  Alternate 
formulations  were  desired  to  help  Insure  ari<*quntr 
supplk**  and  if  possible  to  lower  costs  without  de¬ 
crease  in  quality.  A  survey  of  90  surface-active 
agents  for  use  in  DDT  emulsion  ronrentmtcM  was 
nun  le. 15 

In  luNimtory  tests  Ammonyx  (X)  (oley I  dimethyl- 
amine  oxide),  Atkanol  WXN  (sisliitm  hydmcarlsin 
sulfonate),  Ninol  737  ((V  ( V  aeid-alkylolamine  con¬ 
densate),  Phl-O-Hol  (sodium  rieinoleie  sulfonate),  and 
MP-tlHI  (sislium  hydmcarNin  sulfonate)  were  found 
to  lie  at  hiist  .is  effective  us  Triton  X- 100  in  emulsion 
concent  rates  containing  xylene  or  Solvesso  No.  !.  It 
was  fount!  that  a  concentrate  containing  1 1  |K*r  rent 
DDT  (tlie  high  DDT  content  is  noteworthy),  ti|ier 
rent  Ammonyx  DO,  toper  rent  Soliesso  No.  I, and  5 
jierrent  cycloliexunono  readily  gave  nil  nqneou*  emul¬ 
sion  of  exis’llent  stability. 

During  the  course  of  this  survey  the  availability 
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of  Triton  N-100  improve!,  its*  cost.  decmtsrd  sharply, 
nmi »  concentrate  tnntiuning  7  instead  of  20  per  cent 
Triton  N-100  wax  found  to  lie  sntisfartory s*  mo  that 
the  need  for  alternate  xiirfacc-aotm*  agents  lieeame 
lew  eritieal, 

Hphkadixo  Aobnth  for  EarvktiialOilmox  Watkk 

Unmislificd  oil  solutions  of  DDT  <lo  not.  spread 
readily  ow  water  eoverwl  by  a  biological  film,  a  thin 
anrfaee  film  prraiuced  by  oignnismx  or  arising  from 
tlieir  decomposition.  A  sunvy  wax  made  of  mirfacc- 
aetive  agents  which  might  promote  tlie  spreading  of 
oil  xolutionx  of  DDT  <iver  water  and  render  tlie  oil 
film  more  resistant  to  compression  by  wind  and 
water  currents.*  Dilmmtory  data  indicated  Pentamol 
87  and  Pentamul  120  (esters  of  prntacrythritol)  and 
SP-315  (alkali  metal  petniletim  sidfonate)  to  lie  tlie 
most  promising  of  the  18  surface-wtive  agents  ex¬ 
amined  (luring  this  study.  Field  tests  showed  that 
Pentamul  120,  HP-31  A,  mid  Triton  N-100  were 
equally  effective  in  increasing  the  spreading  of  oils 
over  water  not  covered  with  a  biological  film.  Over 
Avater  covered  with  a  biological  film  Triton  N-100 
was  superior  to  Pentamul  12(1  and  SP-315. 

Emclhifiarlk  ('oNTKxrniTKs  for  Fly  and  Odor 
Control 

Tlie  problem  ol  controlling  fly  Inrvae  and  wlor 
an  Mind  latrines  and  corpses  waa  important  to  the 
Armed  Services  in  (lie  Pacific  areas.  Formulations 
containing  DDT  for  the  control  of  adult  flies.  Tilde 
dirhloroltcnsenex  for  (lie  control  of  eggs  and  maggots, 
and  creosote  for  masking  islor  were  developed.1'' 
Samples  of  six  concentrates  sclf-omulsifinhlc  in  sea 
ivater  AAcre  submitted  to  (lie  Chemical  Warfare 
Seiriee  for  field  evaluati** . 

12.:,  INSECT  REPELLENTS 

Mosquito-lsane  diseases  baA*e  lieen  a  major  prole 
lem  to  our  Armisl  Services,  especially  in  areas  out  side 
of  tlie  Fnited  States.  Tlie  nHitine  use  of  ntabrine 
and  the  control  of  mosquitoes  ivith  DDT  and  sanita¬ 
tion  provisl  to  Is-  invaluable  during  World  War  II. 
In  newlv  occupied  and  combat  areas,  repellents 
applied  to  skin  and  clothing  were  partieularlv  useful 
in  giving  protection  from  Acrtors  of  malaria  and 
other  disease. 

At  the  request  of  the  Arm'd  Services,  a  search  for 
new  iuhI  effector  insect  repellents  aviis  undertaken 
in  1012  by  the  F.  S.  Department  of  Agriculture, 


Agricultural  Hesoarcli  Administration,  Hurraii  of 
Entomology  and  Plrnit  Quarantine,  with  funds  made 
avaitaldc  by  the  Office  of  Scientific  Ri*soarch  and 
DoA-elopment.  Candidate  insect-  re|s'lleiits  obtained 
from  industrial  sources  and  D«|mrtmcnt  of  Agri¬ 
culture  lalMiratories  were  tested  in  Orlando,  Florida, 
against  caged  Anlr*  negi/  'H  and  A  au/iAcfcs  i/ma/ri- 
HHtculalits.  The  more  promising  materials  Avorc  tested 
in  the  field  against  other  mosquitoes  and  (lies.  As  a 
result  of  tliese  studies  a  mixture,  knmvn  as  0-2-2, 
consisting  of  0  parts  of  dimethyl  phthnlotc,  2  parts  of 
2-etliylhcxanndiol-|,3  (R-012),  mid  2  parts  of  inda- 
lisie,  and  also  flu*  individual  components  were 
standardised  by  the  Armed  Services  in  1943.’*  While 
ti-2-2  aviis  markedly  superior  to  inseet-rejiellent  com¬ 
positions  previously  available,  its  protection  time  of 
t  5  hours,  depending  upon  conditions,  avuh  not  con¬ 
sidered  adequate.  The  Army  Avanted  an  insect  ro- 
(icllcnt  effective  for  at  least  12  hours. 

In  June  M>I4,  NDItC  Division  I)  aviis  requested  to 
cooperate  in  the  research  program  to  find  a  longer 
Luting  insect  n*|x*llcnt  by  supplying  samples  of  candi¬ 
date  insect  repellents  for  tests  in  Orlando.  It  avus  felt 
that  a  carefully  organised  synthetic  approach  Iwsod 
on  leads  indicated  by  the  nqsdlency  data  might  yield 
satisfactory  rr|x*llents  more  rapidly  than  tin*  method 
of  simply  testing  any  compound  that  might  ls'como 
available. 

Kkckllkvts  Tkmtkii  on  Skin 
( -inqMMinds  Avliich  iA-err  liquid  at  ns>m  tein|M*ratiim 
(testing  of  solids  is  descrilied  in  Section  42.5.2)  aaitu 
screened  by  a  method  iiiA'olving  application  of  I  ml 
of  tlie  candidate  repellent  to  tin*  forearm  of  subjects 
mid  excising  the  forearm  for  2  minutes  successively 
to  several  thousand  caged  Anle> <  negypti  and  Aw«- 
phrlr*  rpiailrimariitalu*  at  20-30-miniito  interrals 
until  the  first  bite  was  obtained. :'J  At  least  two  stili- 
jeets  were  used  for  each  material.  The  promising 
conqMHindx  Avere  tested  furtlwr  in  a  similar  manner 
and  also  evaluated  ir  paired  tests  with  dimethyl 
phthalatc.  The  material  compared  wi*li  dimethyl 
phthalate  aviis  applied  to  one  forearm  of  a  subject 
and  dimethyl  phthalate  aaus  applied  to  the  other 
forearm.  The  materials  which  seemed  to  Is*  at  least 
equiinlent  in  repellent  activity  to  dimethyl  phthalate 
were  submitted  for  write  toxieity  studies  (350  ml) 
by  the  Fissi  mid  Drug  Administration,  Division  of 
Pharmacology ,5T  mid  for  further  repellcncy  tosl- 
ing  (150  ml)  in  the  lalmmtory  and  also  in  the 
field  whenever  possible.  The  candidate  re|K*l|ents 
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wbie!  ;>asscd  acute  toxicity  tests,  whose  commercial 
production  seemed  feasible,  and  which  wore  relatively 
odorless,  nonstaining,  and  nonirritating  were  sulv- 
mitted  for  90-day  sulmrnte  toxicity  at  tidies  (3,1)  by 
the  Kotxl  ant!  Drug  Administration, ,T  anti  for  re- 
pellency  tests  (I,  I)  in  the  held  against  tlte  actual 
most|iiit<N>s  from  which  protection  was  desired,  es¬ 
pecially  in  the  several  theaters  of  war.  Testing  against 
different  Slavics  t>f  mosquitoes  is  necessary'  Itecause 
repellents  tlo  not  offer  uniform  protection  against  all 
species.  It  was  felt  that  any  compound  or  mixture 
which  was  I  tetter  than  (5-2-2  on  the  Iwisis  of  this  series 
of  tests  would  lie  considered  for  standardisation  by 
the  Armed  Hervlees. 

Aland  5,000  materials  were  screened  ns  insect,  re¬ 
pellents  (also  tested  as  insecticides) ’*  for  application 
to  skin,  and,  of  these,  approximately  400  were  found 
to  repel  Ante*  nrgmtti  for  at  least  180  minutes.’* 
Approximately  1,000  *“*nt!idate  inseet  repellents  for 
skin  application  tests  wen1  prepared  by  tin*  Division 
9  contractors  on  this  project,  and,  of  tliese,  alsHit 
250  were  found  to  exceed  180  minutes*  protection 
time  against  A*\t*  argyitti.%  n  in  Recognition  of  rela¬ 
tionships  lie  tween  insect -rcpelient.  effectiveness  and 
cliemical  structure  and  volatility  accounted  for 


tlie  much  higher  percentage  of  gissl  re|s>llents  among 
the  coiniMHtndaaynthcaiacd  for  reix-llcney  tests  than 
from  the  compounds  obtained  in  random  fashion 
from  various  sources.  In  addition  to  the  compounds 
specifically  prepared  for  tlte  inseet  repellent  program, 
Division  ft  was  able  to  obtain  the  generous  eoo|ter- 
at  ion  of  several  university  lalstratorh*  in  submitting 
samples  of  557  compounds  available  at  tliese  lalxtra- 
tories  and  not  previously  tested  in  Orlando;51  of 
these,  24  repelkxl  Aedr*  afgu/tti  for  at  least  180 
minutes  in  the  screening  tests. 

A  total  of  I9<»  compounds  and  mixtures  were  ex¬ 
amined  for  acute  toxicity  by  skin  application  to 
rnltbits,  anil  81  (including  several  creams  and  solu¬ 
tions)  wen*  found  to  lx*  neither  too  toxic  nor  irri¬ 
tating  and  were  considered  worthy  of  further 
studies.”  Thexc  materials  were  carefully  considered 
fmm  the  standpoint  of  repellent  offer ti venom,  rela¬ 
tive  toxicity  and  irritancy,  odor,  staining  pni|M'rti(*s, 
and  acceptability  by  subjects  lieforo  selecting  the 
rom|MHinda  for  ftOslay  sulmcutc  studies  and  field 
tests  overseas. 

Tabk*  3  lists  the  compound*  which  passed  the 
AO-tlay  suUieutc  tests  completed  liefore  January  I, 
194(5.  In  addition  to  the  compounds  listed  in  Tabic  3 


T \ni.E  3.  Compound*  imssing  Oftdn.v  sulmcutc  toxicity  lest*  (Jnnunry  1,  104(1). 


No.  of  tests,  avg.  Puiml  tests, 

n*|icllt‘ncy  time  in  dimethyl  phthnlntc 

Orlnndn  niltuiH'A  « tlctmmltmior 


fislc  No,  Nnmc 

n 

7 

n 

7 

Of 

Itult'limc  II, *1 

KM  147 

(53  41* 

anat 

Diiiiclliyl  plitlmintc 

17S.1-2.V< 

1*117-10(4 

:i75t 

a-l,'.th.vllicxiiiictlio|-l,3 

IS«  3411 

114  55 

5-30(1 

5  74 

*5-2113 

5-105 

2024t 

Propyl  riimnmntr 

*-l40| 

8-35 

2-150 

2  34 

2-107 

2  128 

anaat 

l-opropyl  rjuimnmtc 

oo  2in 

W5-1 18 

4  304 

4  130 

4  2*7 

4  133 

.I33t 

2-Pltcnylcycloltcxntiol 

I0I-3S3 

100-87 

.inint 

p/s(  Hicyclo[2,2, 1  ]-.VlH‘ptcnc)-2,3  dicartsixvlir  acid,  di- 

70-2HS 

70-t57 

0-30* 

0-0* 

methyl  ester 

0  273 

0-07 

.vast 

1 ,2,3,4-Tet  rnliyilro-2-tmplitliol 

43  33* 

43-52 

13-432 

13-1*5 

13  202 

13-154 

nuts* 

Propyl  N,N-diethyl*urritiMmitr 

45-322 

47  70 

4  305 

4  124 

4  353 

4-194 

oaant 

( 'yeloliexyl  nfctiKirctntc 

4i  ini* 

30  57 

4  177 

4  12* 

4  :«n* 

4  144 

if  -  \rth*  'Mwjg/t/l. 
y  “  ymHhimtiriltit'i* 

*  The  numla-t  ,«m-lnur  tlw  li*|Js>«  mili.-iti-  *  tie  imniln-r  ,.f  o-t*  i«-ffnon<-t.  ill.  nmnla-r  nto  tlo-  -wn*.-  tins-  lit.  nmnm-i  >,f  tin-  t.-u 

t  U*  |ft*H«*tM*\  (lnt«  4Hlnti«l«i  lalmmlof),  H*  **f  filin'  .HI  pin 
t  llenlletirt  tlnU  from  <  Hlnltil**  IjilMifnfnt*  M  «*f  !<*|il.'mlt.r  .HI  1*l|% 
i  l^*ti«i*»  itfidifihHi  tltm*  »rfe  ttlrtniiitil  m  in»l>  t(tti. 

I  Hit *t hit* littg  ncnitwt  ««  rulnff'in*  ^ 

9  CnmltiiK'iHiti  |H*s|ut|  •  »f  tihKilyl  ovule  aihI  i**alatc. 
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Cmlo  No.  X»m» 

1 170*  Anio.vl  nleolml 
3115*  PltciHixyetli.vl  nrcinlc 
2410*  N*wr-Mulyl|ilitlwllmi(h> 

3573*  l)ilm*)ihi|>yl  iurtnilp 

55l8t  /f«-Pm|xixylieliittil<Miydr 

5533t  4*.\ni*yl-5-metliyM  ,3-illiwittie 

55424  Tliimllulyml  tlinrrtntp 

.V107t  Dirthy  I  iM'Xnli.vdniptltlitilntr 

01334  (•ycluprntyl  l-liydriixyrvcIiihrximcrtiHxixyliitr 

01544  1,5-IViitiiwiliul  <|i|ini|ii>m.itp 

02104  Ktlivl  tf-iiltcnylliyilrnrryliilr 

02524  Ktlivl  \\NHli|iNH>y!»urrinnmntc 
7*0104  5-Klliyl-.Vnltn»-2-i>rit|iyl-l,3-)lliixniM' 

7021 4  Kthvl  re-rv  nm  iryrli  ihcxn  nearctn  te 
70204  Ktlivl  rf-motlivl-rf-|ilMnylRlyri<l.-it*> 

7102*  .VMrtlivl-5-nitn»-2-pm|iyl-l  ,3-iliiixmH- 
71454  N-Htityl*4-ryr|n|H>iwiir-t,2-ilirm-lK.xlniiil<' 
10.5101  4-Mot  lmxy-3-iiH'lliyln<vt<i|>hrimiir 


<v 

n 

tO  237 

10-55 

8  208 

_ 

8-51 

8  221 

871 

40-178} 

40  50 

0-251 

0  A8 

o-2im 

0  80 

10-240 

10-51 

4  375 

4  77 

4-555 

4-2S2 

13  288 

13  30 

5-371 

ft-ft7 

5  340 

ft”  143 

211-222 

34-114 

1 1  220 

III  128 

11-283 

ill-103 

37-214 

33-41 

4  551 

4-  :i8 

4  308 

4-lii 

37-188 

30-48 

0  173 

0  50 

0  2il 

0-121 

55170} 

53  50 

12-554 

12-87 

12-200 

12  150 

24  230 

20  33 

2  428 

2  54 

2-371 

2  240 

27  170} 

31-08 

5  281 

7-140 

5  220 

7-140 

33  208 

31-30 

4  405 

1-43 

4-220 

4-122 

40-207 

40-40 

4  304 

4-73 

4-313 

4-153 

20  307 

20  45 

4  150 

4-158 

4-338 

4-102 

38  201 

38-48 

8  307 

8  444 

8-551 

8-205 

37-105} 

37-51 

8-102 

8-78 

8-227 

8-H5 

31-210 

34  40 

1  273 

4-50 

4-517 

4- 144 

20  210 

20  48 

4  332 

4-40 

4  285 

4-87 

13  281 

13-84 

5  220 

5-40 

ft  248 

5  Ml 

«  •  Ar4ta  rtrvvpfi. 

V  ■  Ahuphttr*  <jt4'trfriirotrnl>tfn*. 

•  d*t»  from  Orlmido  Ijititmitorv.  n*  iif  June  .10.  191.1 

t  ltf|**ll#*n«*y  data  from  Or  I*  win  Ulmniiiir).  a*  of  SrjitrmW  .10,  f!M.». 
t  l4tn*t  f  tin**  *fffoltlaiiH*il  in  early 


tln»  mixtures,  11-2*2  ami  XMIU  201  (3  parts  1,2,3, 1-  ( 'nnsidf  raldc  vtiriutioo  in  protection  times  was 

tctrahydro-2-naphtho!  anti  7  parts  2-phcnyleyclo-  obtained  with  till  of  (hr  compounds  found  t<i  |a>s*(*ss 
Iw'xtinnl),  have  ptis-sxl  tin*  90-day  sufmcutc  toxicity  appreciable  re|a*llent  activity.  AintinK  t.lic*  factors 
h*sts.  which  Imvelavn  rccoiimscd  asdeterminiim  the  protee- 

Table  4  lists  tin*  candidate  insect  repellents  on  tion  time  uf  u  repellent  tire  species  untl  condition  of 

hand  nt  the  KihsI  am!  Dnij:  Administration  for  90-  mostpiito,  snlijeet,  temperature,  Immidity,  condition  ’  ^ 

day  stllttiente  toxieity  studies  as  of  January  I,  1910,  of  the  skin,  and  uniformity  of  application.  Jsiss  l»y 
the  examination  of  which  was  still  to  la*  completed,  skin  nliaorption  is  pmlaihl.v  the  most  im|Mirtant.  factor 
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in  limiting  the  protection  time  offered  l'»y  compounds 
which  do  possrss  repellent  properties.  The  test.  results 
obtained  in  IIk*  laWm'ory  with  Anlr*  nrgmtii  worn 
qualitatively  reproducible,  mul  generally  good  corre¬ 
lation  was  obtainwl  with  these  t<*stx  and  those  in  tlie 
field  against  oilier  ipccicn,  including  Amo/iMm.7* 

Tlie  Inlximtorv  met  lux  I  was  refineil  at  the  Naval 
Medical  Hcsenrrh  Institute  at  the  expense  of  re¬ 
ducing  tlie  ea|NW‘it.v  for  making  tests,  Imt  the  range 
of  rcpeJIcncy  t inn's  was  significantly  decreased.*4*  A 
numlter  of  promising  repellents  as  indicated  by  data 
d(‘Velo|N<d  in  Orlando  were  evaluated  on  sweating 
subject s.**"  ''  NMIU  201  (3  |Nirts  1,2,3,1-tetrahydro- 
2-naphtbol,  and  7  parts  2-phenyleyelohexanol)  gave 
protection  times  of  3  7  himrx  in  the  lalximtory  ami 
up  to  II  hours  in  tlie  field,  which  are  longer  than 
2-plienylcyelolicxitnol,  1 ,2,3,4-tct  rahydm-2-napht  hoi, 
dimethyl  phtlialate,  and  (V-2-2  offerril  alone.*"*  Other 
mixtures  containing  derivatives  of  2-plienylcycio- 
Ih'xiiiioI  and  1 ,2,3,4-tct  rahydro-2-nnplithnl  gave 
equally  gissl  results.*41' 

No  repi'llent.  effective  for  at  least  12  hours  against 
all  species  of  mosquito  and  under  all  conditions  was 
discovered.  Nor  has  a  definite  path  leading  to  the 
12-hour  repi'llent  l>een  indicated  by  these  studies. 
Most  of  the  compounds  giving  at.  least  3  hours’  pro¬ 
tection  time  have  Wiling  points  nlsive  250  and 
none  of  these  is  highly  nonvolatile.  It  wits  demon¬ 
strated  that,  certain  families  of  com|xiunds  contain 
more  repellents  than  other  families.  Compounds  con¬ 
taining  two  groups  regarded  as  conferring  r.qx'Wnry 
when  present  alone  were  generally  totally  inactive. 
Poly  functional  moterutes  were  more  effective  than 
simpler  structures.  Among  the  rlusscs  of  compounds 
which  yielded  a  sulistunW  numlx<r  of  repellents  are 
amidcs'sters,  N-snlwtitutcd  anilides  and  amide's, 
1,3-diots,  ^-phcnyletlmnols  (including  1,2,3,  l-tetra- 
hydm-2-naphthol  and  2-phony Icyclohcxanel)  alkoxv- 
WnrahiehyeU's  and  hydroxycstcra.'7-" 

Termination  of  the  Division  0  studies  on  insect  re¬ 
pellents  shortly  after  the  end  of  the  war  with  Japan 
diil  not  permit  preparation  of  Samuil's  of  several 
eomimunds  eonsideri'il  worthy  of  acute  and  tKKxiay 
snlncute  toxicity  xtudii*s  and  furtlier  repellonoy  test¬ 
ing.  Some  toxicity  studies  an*  in  progress.77  1 ,2,3,  (- 
Tet  nihydro-2-napht  hot  was  supplied  for  extensive 
field  tests  and  alsiut  1 10  |s>unds  of  tiiis  com|xiutid 
have  ls«cn  prepared.17  Smaller  quantities  (2  t 
|Miunds)of  other  promising  materials  were  supplied  for 
field  texts  by  the  Army,  Navy,  tlie  British,  I)o|»urt- 
ment  of  Agriculture,  and  Office  of  lnter-Ameriean 


Affairs.17-1* 7"  Many  field data  are  presumably  forth¬ 
coming.  Hepelieney  data  from  the  field  against  a 
variety  of  mosquitoes  are  nettled  in  order  to  evaluate 
adequately  tlie  candidate  insect  rcjieilcnts  uncovered 
during  tlie  course  of  this  study.  Tlie  available  data 
indicate  that  several  rejiellents  haw  liccn  found 
which  an*  longer-lasting  than  0-2-2,  although  tlie  goat 
of  a  12-hour  protection  time  under  tuiy  conditions 
mid  against  all  mosquitoes  stili  remains  to  lie  at¬ 
tained. 

Hc.rKM.KNTs  Tkhtko  in  (’with 

Alsiut  2,500  materials,  chiefly  solids,  were  tested 
in  cloth  for  repelleney  to  indicate  their  value  for  im¬ 
pregnation  of  clothing  and  fare-nets  and  also  for  use 
in  solutions,  suspensions,  and  ointments  for  applica¬ 
tion  to  skin.7*  Liquids  which  failed  to  pass  screening 
tests  for  irritancy  were  tested  for  repelleney  in  cloth. 

Tlie  tint  met  hist  involved  impregnation  of  women’s 
meree ri»rd  cotton  hose  cut  to  fit  tlie  forearm  mid 
exposure  of  tlie  clot  lied  forearm  alternately  to  caged'  / 

Anlr*  orgy i>li  and  Ano/thelr*  i/iinrin»mririn(n*V  Kx- 
posures  were  mnde  daily  for  2-minufe  periisls.  Alsiut 
10  per  cent  of  the  materials  screened  were  repellent 
for  at  least  10  days  against  Aerie*  aegypfi  and  alsiut 
2  |**r  cent,  against  AnapMr*  qmulriniaeuUttu*.  The 
screening  tests  were  usually  terminated  at  10 
days. 

Of  the  2,500  compounds,  alsiut  500  were  svnt lie- 
si  «rd  l»y  Division  9  contractors  for  repelleney  test¬ 
ing’’7'7"  lttM|  were  obtained  fnim  uniwrsity 
lalsiratories;*'  71  were  repellent  to  Anlr*  ncgi/frii  for 
at  least  10  days.  Among  tlM*  cunqsHinds  testixl  for 
more  than  10 daw,  N-ctliylaect  anilide  and  N-pmpyl- 
aeetanilide  are  outstanding.17  They  were  still  re- 
js'llent  tfi  Anlr *  nqimrii  after  35  days,  and  in  20  per 
rent  solutions  in  dimethyl  plitlmlate  have  passisi 
acute  toxicity  tests. 

I’sc  of  tlie  letter  solid  repellents  in  the  form  of 
solutions,  sos|x*nsions,  and  ointments  for  skin  appli¬ 
cation  remains  to  Is*  adequately  evaluated.  Several  of 
the  solid  repellents  in  dimethyl  phtlialate  solution 
offer  longer  protection  times  in  skin  application  tests 
titan  dimethyl  phtlialate  alone.  Impregnation  of 
repellents  in  clothing  and  in  Isith  close-  and  aide- 
mesh  nets  have  rendered  these  articles  repellent  for 
perns!*  ranging  from  1  week  to  5  months.17-7*  How¬ 
ever,  insofh'ient  refs-Heni-v  and  toxicity  data  have 
lx*en  obtained  to  indicate  which  of  the  materials 
examined  to  date  an*  the  ls*st  for  impn’gnation  of 
clothing  and  nets. 


SKt’HKT 


ISMKCT  4M»  KOOK. NT  CONTHOI.  HTt’tHKH 


tttO 


12.6  MITICIDKS  —  FIXATION  ON 
COTTON  FABRIC 

The  contnd  of  Hcmlt  typhus,  which  is  transmitted 
hy  mites,  was  a  serious  problem  to  flic  Armed  Sen** 
ices  in  the  Pnrifir  ami  the  China-Rurma-Indin 
then  ton*.  No  sficcific  treatment  for  the  disease  wan 
available,  t hi t  protection  wan  obtained  by  impreg¬ 
nation  clothing  to  lie  worn  in  tlie  endemic  arena  with 
dimethyl  phthulate,  which  had  lieen  found  to  possess 
mitieidn!  action.  Tlie  easy  removal  of  dimethyl 
phtiuilnte  from  clothing  by  rinsing  in  water  indicated 
need  for  a  mitieide  more  faat  to  clothing  or  mcana  to 
bind  dimethyl  phthalate  more  firmly  to  fabric. 

A  variety  of  materinla  were  attidicd  for  their 
fixative  power  on  dimethyl  phthalate  in  fabrics  in 
order  to  increase  the  resistance  of  the  impregnated 
dimethyl  phthalate  to  leaching  by  water  and 
laundering.'*  Tlie  most  promising  binders  found  dur¬ 
ing  tliese  studies  were  polyvinyl  aretate-chlom- 
pnrnffin  anil  polyvinyl  acetate.  Fabrics  impregnated 
with  compositions  containing  dimethyl  phthalate 
and  tliese  liindcrs  were  still  miticidal  after  a  IR-lmur 
rinse  and  one  laundering,  wlierens  dimethyl  phthalate 
alone  is  removed  from  clothing  by  one  laundering  or 
in  less  than  30  minutes  bv  rinsing  in  cool  water. 

Mitieides  haw  lieen  dismwred  which,  when  im¬ 
pregnated  in  clothing  without  binders,  are  con¬ 
siderably  more  resistant  to  removal  than  even  the 
aforementioned  compositions.5’  If  the  l**st  of  these* 
mitieides  are  found  not  to  last  ns  long  as  the  clothing 
itself,  tlieir  use  in  conjunction  with  binders  should  Is* 
investigated.'*5’ 

4J.7  HODKNTICIDF.S 

N»:W  RoltKN'TICIOKS 

During  the  fall  of  1943  a  representative  of  the  U.  S. 
Department  of  Interim.  Fish  and  Wildlife  Service, 
Kconutnic  Investigations  Dtlsmitory,  requested  tlie 
cooperation  of  XDRC  Division  9  tin  a  rcscandi  pro¬ 
gram  to  find  new  nMlenticidessii|s*rior  to  those  avail¬ 
able  at  the  time.  This  request  was  made  primarily 
liecause  it  was  felt  that  the  considerable  amount  of 
toxicity  data  which  had  'icon  developed  within  the 
Division  in  connection  with  studies  on  candidate 
chemical  warfare  agents  might  indicate  now  rodenti- 
cides  more  effective  than  the  standard  nslentichles. 


After  a  consideration  of  the  requirements  for  a 
rodent  icidc  as  indicated  by  the  Fish  and  Wildlife 
Service  representative  and  of  the  toxicity  data,  a 
numlier  of  e<  an  pounds  were  recommended  hy  this 
Division  for  testing.**  Samples  of  tliese  conqiouiids 
lutd  otliers  were  requested  hy  (lit*  Fish  and  Wildlife 
Hervieo,  anti  samples  of  98  compounds  wen*  furnished 
ftir  screening  tests.  Among  the  eoin|Miunds  suggested 
by  this  Division  was  sodium  fluoroacetate  (1080),*" 
which  proved  to  lie  an  outstanding  rodent  icidc. 
About  1,(100  pounds  of  this  com|>otmd  was  supplied » 
for  field  tests  by  the  Fish  and  Wildlife  Service,  Army, 
Navy,  U.  S.  Public  Health  Sendee,  and  other  or¬ 
ganisation*.  The  preparation,  physical  und  chemical 
properties,  anti  toxlmlogy  of  siMlium  fluonmcctatc 
are  summarised  in  Chapter  It).  The  results  of  tlie 
field  tests  are  reported  elsewhere.*' 

Sewrnl  compounds  were  found  to  lie  slightly  more 
toxie  to  rodents  (Chapter  10)  than  sodium  Huoro- 
aretate;  however,  tlie  latter  is  easier  to  prepare  and 
its  toxieity  isrnon*  than  adequate.  Samplesof2-chtoro- 
iHlimethylaminiMFmethylpyrimidinc  (Costrix  gif** 
konter) M  and  sodium  /Mlimetliylnminolienaenetlinso- 
sulfonate,5*  whirh  were  reganled  favorably  in  ( ier- 
mnny  as  nslentieides,  were  pn>|>aml.  Sereening  tests 
for  toxieity to  mtsindieated  that  these compounds arc* 
l«*ss  effective  nslentieides  than  stslium  Ihionsicetate; 
however,  the  toxieity  data  warmnted  tlie  preparation 
of  sufficient  qiuuttitics  for  field  tests. 

Chrmicau  Assay  or  Rki>  SqnM, 

Isits  of  ml  s(|iiill  isiwder  are  usually  tested  for 
toxieity  to  rats  liefon*  ls*iug  formulate  I  into  Isiits  for 
use  as  rat  poisons.  Assay  is  necessary  ls*eause  differ¬ 
ent  lots  vary  ronsidenihly  in  toxieity.  The  hhsissay 
procedure  is  costly  and  time-consuming,  and  the 
results  seem  to  vary  markedly  with  tlie  stntin,  sex, 
and  si*e  of  tlie  rats  used. 

A  limited  srun'h 55  was  mode  for  chemical  methods 
that  might  Is*  suitable  for  a  rapid  and  n*liabie  assay 
of  the  principle  in  ml  squill  which  is  toxie  to  m- 
dents.*"  Highly  toxie  fractions  were  isolated  fnun 
itimplcs  of  n*»l  squill;  however,  attempts  toeoirelate 
the  results  of  quantitative  analytical  pnsrdures  u|c 
plietl  to  the  various  fnu'tioiis  ami  samples  with 
bioassay  determinations  **  wen*  not  siieeessful. 
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Chapter  43 

SYNTHESIS  OF  ANTIMALARIAL  INTERMEDIATES  AND  DRUGS 

By  Arthur  C.  Cope 


49.1  INTRODUCTION 

1x  jtrtv  1014  work  in  seven  laboratories  of  IIm» 
Nntioiml  Defense  Research  ( 'ommittco  [NI)ll( 
Section  0.2,  was  diverted  wholly  or  in  part  from 
chemical  warfare  problem*  to  synthesis  of  anti- 
malarial  intermediate*  and  drug*.  Authorisation  for 
the  NIMH*  contractor*  to  participate  in  the  malaria 
pmgmm  of  the  Committee  on  Medical  Research 
COMB]  waa  arranged  by  representative*  of  the  two 
ngrncic*.  Through  tld*  arrangement  the  experience 
and  manjHwer  of  tlie  lalsimtortcx  concerned  fur¬ 
nished  an  added  impetu*  t4»  the  malaria  pmgmm, 
portieulnriy  by  synthesis  of  *omc  of  the  intermediate* 
needed  for  preparation  of  ttm  more  promising  drug* 
selected  for  clinical  trial.  At  the  name  time  th*-  plan 
enabled  the  NDRU  lalximtorie*  to  retain  their  per¬ 
sonnel  and  remain  in  a  stand-hy  condition  which 
would  |N<nnit  Immediate  rexumption  of  work  on 
chemical  warfare  problem*  in  the  event  of  initiation 
of  eltcmica!  warfate.  On  Septemljer  I,  1945,  ti>e 
remaining  Section  9.2  contract*  concerned  with  the 
malaria  pmgmm  were  transferred  to  ('MR,  and 
completed  their  work  (terminating  Dvrcml>cr  31, 
1915,  February  28,  or  May  31,  19411)  under  ('MR 
contract*. 

The  following  university  laliomtorirx  participated 
in  tin*  program  through  contract*  with  the  Office  of 
Scientific  Research  and*  Jevelopment,  ji*  listed:  Uni¬ 
versity  of  Wisconsin  (OKMsr-301,  OKMcmr-507): 
State  University  of  Iowa  (OKMsr-223,  OKMcmr- 
o(44) ;  University  of  Illinois  (OKM*r-3t)0,  OKMcmr- 
570) ;  Iowa  State  ( 'oltege  (t  )KM*r-97,  <  >K.Mcmr-5tW>) ; 
University  of  Nebraska  (OKMsr-H5,  OKMcmr-5tMt): 
Nortluvestcm  University  (OKMsr-i:  ’I,  OKMcmr- 
5<I3>;  Indiana  University  (OK.Msr-195). 

Under  tliese  contracts  a  total  of  95  antimalarial  in- 
tems>diiito*  and  12  drug*  wore  synthoslxed,  in  «pmn* 
tith**  varying  from  I  gto  12  kg.  In  addition,  pnsrss 
development  work  was  conducted  on  tl»e  synthesis  «if 
several  <'om)sauids  as  a  preliminary  to  their  prejxim- 
tioti  on  a  large  lalsimtory,  pilot  plant  ,  or  manufactur¬ 
ing  scale.  Detail*  of  the  chemical  work  completed 
under  the  program  appear  in  progress  reports  which 
an*  listed  in  the  ItiMiogniphy.  Much  of  the  work  i* 


to  lie  published  in  theo))en  literature,  when)  it  can  lie 
located  through  reference  to  tlie  ullicinl  investigators 
as  ciwmthor*.  Tlie  following  section  comprise*  n  list  of 
live  compounds  that  were  prepared. 

43.2  INTKRMKDIATKS  AND  DRUGS 
PRKP4RKD 

1.  Hr  Jr  truer*  10  it  ml  tfi. 

('•mt|NHiml  AmtMint 

vlNcthytnmltm|>ropylmulnc  9,241  g 

ri*-a.|V>ffthme  21** 

SprrmliK'  Icl.’tthydrorldorlde  45,(1  g 

Spermidine  Iriliydns’lilortde  12.5  g 

Di-s-ttonylnminc  4,l7t>g 

n-XcHi.vb.mits-  550  g 

nr.  0-Tctndooe  970  g 

2- 1  Nr  I  hylnmlm  cmel  hyl-t-nmim  »|>hcnol  hy- 

drorhloride  ttt  g 

Tel  mliydnninl  limrene  575 g 

Mnliyliicopnipylitiiiliir  I,l05g 

2.  Hrfrrrner*  I ,  U,  nwi 

Compound  Anssinl 

Telmtiydro|>ls'iinnllimie-0-Htdeliy(h>  1,343  g 

1- lNeiliylnmino-3-nniinotHilnne  1,001  g 

tf  4  Hcl  ItylamiiHiel  liylamiiH'  2, DIM  g 

0- Arel  yl|  dietmnl  Itrene  I,l30g 

H-Arel.vl-telmhydro|>timnnthrene  7,015  g 

lltemth  t  It rets'-»-nltleliyth>  H22g 

3- ('hk>r»-.Vnlln>liciixoicari0  2,tll2g 

-t-Chktm-1-nrrtoniiphtlnmc  5(10g 

4- Chkim-tswplitluildrhyde  731  g 

W  'yelojirntyh  nlerie  arid  500  g 

l!thylryplolM>xtiniiiH-2-enrlsixybtle  1,101  g 

N'ilrontmelltyl  men  10,10*  g 

2- t  ’yrtohexyM-h-rf-IrntylpIsMitd  1,500  * 

0-MeltHixyi)uimctlne  3,431  g 

2-t'lilom-  t-nmino!inisole  200  g 

0-.\minolK>xnnoM  71  g 

Motm-trrMmtyltimlne  741  g 

4-('liloro-l-mtplilliole  «pmI  ItlOg 

5,7-1  Nrlilorol-nt  in  0  kg 


Anssinl 
l,343g 
bOttlg 
2, DIM  g 

i.inog 
7.015  g 

*22  g 
2,012  g 

500  g 
731  g 
500  g 
1,101  g 

to,m*g 

1,500  a 
3,431  g 

200  g 

71  g 
74tg 

mo* 

0  kg 


Mixxtnir  arid 

200  g 

Klliyl  hydrogen  adi|K«le 

l,230g 

Klltyl  Itydfogea  selmrttle 

sing 

Hr  Jr  truer*  !>  mil  III. 

C<mi|smni| 

Amount 

Klhvt  rthox.i  methylene  nmlotiale 

12.131  g 

4,7-1  NrhlnnM|tiiiinl  jne 

•0,l40g 

l)i-«HM*iybiniiiH' 

7.0*7  g 

2-t0M>liyi-4,7-dielikinM|i|inoliite 

:too« 

3-Hnimopheminthiviie 

100  g 

2-l’tM*iyl-4-rhbmeO-nH<tlioxyt|iiinoliiH> 

122.x  g 

4-  \min.e7-chlor>H|tiin<4me 

KHIg 

sKcuirr 


T 


reir?r 


fas*  isjuusstssjM 


(W2 


3. 


SVXTHKXIR  OP  ANTIMAI.AHI  Al.  I XTKN  M  KIM ATKS  AM)  IMtt  CS 


(Ctmlinunl). 

ComiKHiiMl  Amount 

2-llHwyl-4*liy«lni\v-7-rlihiri«|Hliiiilinp  10* 

2*lltM>ny|.4-liyilr<ixy-0-nipilHixy<|nliM»llnp  to* 

Dl-ft-lipxylnmlnp  ,1k* 

2-AmiiMt-4-rliluriitiriixoir  nrkl  MO* 

.'t-l>H'tliylumin<i|irti|iylriikiriik'  0,200* 

.'t-|)k'tliylnniiniittni))ylrlilori<k'  hytlnirtikirkip  07-1  * 

X-ltenxoyl  |ii|*T»>liiiip  nrkt  pthyl  cxtrr  21 1  * 

l*i|«Ttiliiiir  nriit  pi  hyl  PKior  hy<irt>rhk«rh|p  710  * 

7-(  'liktop-W  l-pt  liy!-t-|*i|w,rklvhmimi>- 
qiliiiiiliiir  (MX  13,42.1)  MIX* 

.1,H.(Jl|ilMtlmP  2  * 

A.H- 1  >lliyilr..xy  quiuotlMP  2.  t  * 

.1,H-l>iiiPMiiyv  f|llilhilliH'  2  4* 

4.H-l)i|iy<lrMxy<|ufnnhlirn.'hl  1.0* 

K>(lW|)ipikytiimiti<itiPxylnminoKV(2-liy> 

<lr>ixyptlit>x,v  KO-inplImxyquinoJInr 


Hi  frrrhrr*  n  ami  M 


Amount 

m-Aui-hliiip  3,041* 

IMphIImIpiipIiI  2,  >110* 

Klliyl  funnyl|ilM'nylnix>tnip  3,010* 

2- (‘lilort>-3-Mmlnot,>lupnp  300* 

3- l)ipiliylnniin»>2*liyiir<ixy|in>|iyl:iininp  .1,0I'T* 

<•1  >k>i  liylnmiuo-2.:kp|Mixy  |ini|xinp  200  * 

K-llyilnuyrim-lMHiintp  nrkl  00* 

0,7-Mplliyk>np<li<ixy-2-)iltPiiyl«|iHn<>linr-4* 

rnrlmxylir  nrkl  V-*/ 

('iitclmtiiiiirtiriil  I  * 

2-4'hk>r<t4i-niln>quiiH>linr  107* 

0-Xitn>4krlilonM|uin«tlinr  200* 

Klliyl  ?-ltnnn»rnit<Hintr  .112* 

2-l’lirnyl-O-nN'lltoxyriiM'lMinink-  nrkl  1 ,200* 

•1,7-1  )irkliin>i«nli)i  .10.1* 

>-2-l*i|«t'riilyl|in>|iy!  pklorkk'  *102* 

Qninluir  nrkl  301* 

.1,0-1  OnNUluixy-H-nliniqiiliNiliiip  3.I7H* 

4- AmiiHivrnilnik'  .100* 

re-(3-|)H'iliyliimln(i|ini|iylHkii*PtlMixy-2- 

|ihpiiyl~4-<|iiiii<ilitipnirtlitiiHil  (SX  I2.K.1S)  1 1.7* * 

fl,K-|)in|ikin»-<i-(ililiutylniniiiumrtliyl)-2-(2- 
|iyrklylM^|ii;»iliiH'niPth.'iiml(SX  14,143-4)  10* 

vlli<'iliyliiiniii.‘.'4-liy<triixylmtyomiiril(*  4,300* 
l-(0-Mi<ilH)xy-2-|ilM-iiyl-4w|iiirH>lyl)-l-|in>- 

IWIHMIP  4* 

04  3,*M|iiiM'l  liyl- 1 -jiyrryl  Kl.O-diim'l  Imxv- 

<|UIIMlhlM'  0* 

ir4:«-Mk<iliyt:imliui|Hx>|iylmprpn|iiiimi'iliyl)- 
0-iiipilMixy-2-t)lipn>l-4^|iiiu<iliiM>nipilMiMil 
•titiyx  In  m-IiIoHx  l«»  4  * 

w42-l  >H'thyl:imin<miPttiylnirrrn|itimirt)iyI  >- 
0-mrl  h<>xy-2-|>lM'nyM-<|iiiiM>Unpmpt  linn.  4 
•liliyitriM-liInruk'  10* 


.1.  Rtfrmtr*  2,  4,  anil  H. 

I'ompnuml  Amount 

Kthyl  nxnkqtmtilmmtp  14  Ik 

Qutimlinr»4mkii>h.vik>  700* 

4-4  likiru-2-nit  rolx*iuttikh'hy<h>  03  * 

M4-l)k*tkylnmitMi-l-nM>tliylkulyliitnliiii)- 
Imixnt  f  iquimilinr  <li:>luw|iimtp  (SX  11,020)  t.1* 

4^4-Dk*tliylmniiM>-t-tiM>tliyllmtyjmnitHi)- 
lintxodilquiitotinr  ili|tkuK|ilmt«‘  mimnhv- 
<lnitp  (SX  11,021)  1,1.3* 

4-IHrthylnminulMitylnniinp  10.1  * 

JV-X(lm-H<|iliHxM|uiiHttinp  I  k* 

2- Hmmn-3-nliiolirtumirnPhl  2k* 

3-  1  lyiln  ixy-rf'-nmliM  r  t  hyl  pt  tier  ,10  * 

O-Mcthiixyiiulniillm^-nlik'liyik'  10.1* 

0.  Hr/rmut*  It  ami  1 1 . 

i'mn|>oontl  Amount 

Dilirnxyt.-imOir  .100* 

Kthyl  fiurhamitintp  I..14H* 

n-Xilrot>pnxnl(trhyi|p  1,70s* 

/>-(  lilnniolirnylnrr  I  ip  nPiil  2,00.1  * 

Klliyl  O-oliInMrinrhnniiMtr  .100  * 

IM'lilonmprhllnp  ,10* 

3,tM>lrlilom.irrhllnr  ,10* 

4- MpI  tmxy-tMikininrrklinr  30  * 

.VMpI  liy  klAMirhlon  mri-kliur  .10  * 

0-4'likir(t>l-nn|ihtlmk|phy<|p  X.3.7  * 

f*-Xltnxipptn|>lipn«NiP  140* 

«- 1  lyilmxy  Irnwtklrhyilr  2SS  * 

u-XIlmnwotJimonr  714* 

lltimtit>hlhnllrnrhl  .100  * 

1.4- l)iniPth»xy'2-lNilynp  2.10* 

2.4- l)iniPthyli|uim»linp  103* 

imWAIlylnminohpxylmnitHiMWuiPllHtxviiuino- 

litip  .  IX.1I* 

iHO-|)inllylnmlii>ilH‘xylnniiniiMt-nirtlinxy> 
quimtlliip  IK.  2* 

7.  Hrfrrrnm  .1  nml  T. 

('imipnunil  Amount 

,VAminuiMM|ulni)litip  1.,1k* 

l-4,liluni-.Vnitnikuu|uin<ilui<*  .10* 

1 .4- 1  >ipliliinii!UH|uiiiitnnp  20* 


Two  invent  iioitionH  dircptisl  pritnurily  towonl  de¬ 
velopment  of  nyntlietie  mot  ImmIm  c*«»mpl<*t«>  the  pilot  ion 
of  work  undertaken  t  tin  lor  thin  pro*mm.  Tltt'.v  wort*: 

1.  Invt*ti*ntion  of  tin*  KyiithoMinof  pliixtnoehin  l»y 
nsltti'livit  otky lotion  of  H-omitKMknpthoxyiiniitolint* 
with  novnl  kptonp  and  novnl  ketone  diethylnpetol.1''14 

2.  I)pvciopmf,nt  of  on  impmvtsl  method  for  pre- 
imrin*  2-plH*iiyM>-metho\y-4-<|iiinolinonirliinolH.*  ’’ 
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GLOSSARY 


AC.  Hytlmeyanlc  arid. 

Arm*  Cmmirimc.  Chlorine  cnptil4r  of  chlorinating  !f. 

Aimmhitk.  iMphenylamine  chloramine. 

Aenmm.  OT.  Hixliiim  dktctyfcmcrino  "iilfatr. 

AF-I,  MFA,  Tl.  Ml,  T-1202.  Mrlhvl  fhmnmcc«x1e. 

A/0.  Allatmln:  (Hotmtin  itinemn  protein  ratio. 

A.O.  No.  A.  Ointment  having  folkiwlng  eomp<»ltbm:  3ft  per 
cent  imprrgnite  K,  30  |trr  cent  diethyl  phthnlate,  10  |ter 
cent  hydrogenated  wlmle  nil,  4  per  cent  "odium  "tenrate, 
3  tier  cent  imtiuwhnn  "teamte,  and  30  per  cent  water. 

A.O.  No.  0.  Ointment  aimilar  to  A.O.  No.  ft.  In  whleh  hydrin 
granted  whale  nil  ie  replaced  hy  hydrogenated  |ienmtt  nil. 

At.KaMiii.WNN.  Hndhim  hydmeaHxm  mtlfnnate. 

Ammomtx  00.  Oleyl  dimethylnmine  nxhle.  (Onyx  Oil  and 
Chemical  Co.) 

Ammmhii  i.\  .  A  hm  vieemity  nnimnnium  alginate. 

Alt-Id.  Srt  Tl,  1317. 

Area  Dunk.  Fxpreawxl  a*  milligrams  per  aqnarr  meter  it  ia 
nnmerienlly  equivalent  tn  the  pmdnet  of  Cl  (in  mitlir,Tam 
minuter  per  rnliie  meter)  ami  the  wind  "peril  (in  meter*  per 
minute).  Not  to  lie  hlenliflrd  with  the  ground  enntamlno- 
tkm. 

AmiNKi.Rxa-400.  Dilattylphenylphennl,  "odium  dbnilfnnate. 

Anstxrx  Cumt.  A  enttnn  twill  falirie  imrehnaixl  liy  the  Navy 
Deportment  for  the  |*repnmtinn  of  (X'-l  impregnated  |irr- 
menlile  pniteelivr  garment". 

ATP.  Alien,  mine  triplaiaphnte. 

AV.  Hritiali  auti-ipi"  impregnite  (N,2,4-triehtnmlienxnnil- 
hie). 

B-l.  f*-Nitm|ihenyb»n-(A-ntipthylamiiie). 

HAI*.  l,3-DimrTraptopmp;inol. 

HIK\  o-ltriimnlirnxyl  eynnhle. 

Htcxivt,  II.  Itenxyl  tf^ldonwlhyl  "ttllhle. 

ncr.  Hulling  l"*hit  in  ('  at  p  mm.  Ur. 

Hnkak  Timm.  Ntr  protective  I  hue. 

HtTVtell.  Ihttyi  (d-elilnnxe'.yi)  mdlhle. 

Capacity.  Amount  nf  vesicant  Ra*  |*T  "qitarr  centimeter 
"tidied  In  falirie  to  reduce  retention  edieieney  In  Riven 
value. 

('akritoi..  Munucthyl  etlier  nf  diethyh‘ne  glyeol. 

Cari.isi.R  Cahhun.  Aetivnteil  curiam  prepared  hy  the  t’mwn- 
ZellcrUirh  ('ututmliy. 

CC-I.  Wtiim*  a*  CC-3. 

CC-3,  N  ,N  ‘-I  hrhlnri  *-X,N  '-bid  3,l,lWt  rlelihtniplwityl  Hi  ten. 

(T1CVM.  fM'ltlonwlhyl  rt’-elilorovlnyl  attlfhlc. 

C(l.  I’lmagCUr. 

i'll.  rf-Chlomcthyl  d-hydmtyethyl  sullblc. 

('unt.lNKRcir.  Kffeetr  pnatueed  on  |mn.svmpnthct ie  nrrviat* 
system  similar  tn  tl«w  produced  hy  aeetvl  cladim-. 

CK.  Cyanogen  ehloride. 

t’MIl.  (‘nmiiiitler  ,in  Medical  Heseareh. 

CX.  t 'hlnniaretuplHUHitie. 

(’P.  Chhimptinithii  euntainitiR  approximately  40  |**r  rxmt 
chlorine. 


Ct.  Product  nf  enneentmthm  lit  milligrams  |*>r  euhie  meter 
and  time  nf  exposure  in  minute*. 

CWH,  Cltemieal  Warfare  Herviee. 

C»ax  DA.  Dipltenylnmlne  cynmtnmine. 

1>AN(*.  DeeuntnminatinR  agent,  nnneortnalvc,  consisting  nf 
a antiithm nf  I  pnrt  hy  wcIrIiI  of  llll-lllftln  Iftpnrtanf  TCH. 
DAP.  Diaiitsylpmpylene. 

Daxap  It.  Naphtlmlene  formaldehyde  sodium  "iilfunate. 
DIM.  4dp-Nltroltenxyl)|iyridine,  a  retiRent  for  detecting  II 
and  other  d-ehlomethyl  eomptaind*. 

DltT.  I N-jsl dphcnyM hincnrhnxonc. 

IX’.  l)iplienyleyanoar*ine. 

y,g'-DDD.  1,1-1  NcMt  tm-3,3-fa*a(  p-ehlonn  thenyl  )-et  hane. 
DDT.  l-Trieiiloro.2,2-ftt»()M>hlnropla'nyl)-elhaue  ( commer¬ 
cial  |>roduet), 

m.g'-DDT.  l-Triehlnro.3-"t-ehloro|dtenyl-3-)M‘hlttruplteiiyl- 
ethane 

o, p'-I)DT.  l-Triel,liirn-‘4-n-ehloruphruji-2  f.-.-|.!..r::p!:myl- 
etliane. 

p. y'-DDT.  1  -Triehkio>-2,2-br»( jM*hbinij>hrm'l )-et Imne  (puns 
enmpnund). 

Dmxistamimant  40.  TriehhtmiMieynnurle  nehl. 

Dll.  Srt  II. 

DIIX.  Srt  II. 

Dhumtivr  103.  Kilgewtaal  Arsenal  direethma  for  the  carrying 
tat!  nf  an  em|>irienl  tret  fur  measuring  the  II  resistance  nf 
permenldefntiHe*. 

DM.  Aiianu.ite. 

DXB.  4-(n,p-Dinitntlieniyl).pyridine. 

DP.  Triehlnnimethyl  ehiumfurmate  (diphoagene). 

DPK.  Diphenyl  ether. 

DPF.  Str  PF-3. 

DPT.  Di-o-(ihennxy|ihenyl  thhiearlmiame. 

DPI’.  Diplienyluren. 

d,  •  H|*eelfle  gravity  nt  I  (’  In  reference  tn  water  at  f,  (’. 

DTIi.  Sre  ItAI.. 

Drruxnt.  MK.  Sialium  ikalccyl  "illfntc  (mmmereial  grade). 
PettATtnN  ar  PuntttTMix.  Duration  nf  exjawure  (uaunlly  in 
toxic  ehnmlier)  in  which  a  garment  provider  protect  ion. 
KA.  Kdgcw.ssl  Arrenal. 

F.D.  Kthyl  diehlnniHne. 

KDM.  Klfeetlve drop aim,  (Itritiali). 

I'.TtIVl.  0.  •Hrrlt.Nl. 

F-ft.  X,  1 130,  Tl.  70,  T-1377.  Dl»ulftir  tleealliiurlde. 

FK,  Tl.  741,  T-liXM.  (t-Htmart Ita uni. 

II.  fci»(Whl«rnr!hyl)  aulfiile,  nustiinl  Kur¬ 
il*.  Uadinaetive  II. 
liAWnani  Cuumt  mi.  .SVr  T-170H. 

II  AWiiRTtl  IwiUKK.  Srr  Tl.  1210. 

HOT.  Hrmnglinne  twill. 

II,  Dll,  DIIX.  fnn[tS  CliloriH'thyl)  -ulfule. 
ll-ITti.  rM'lilonauhyl-dthtXd-hydroxyethylsulfotiiuml-i'lhyl 
aulfhle  chlorate. 

IWM 


8KCHCT 


ULOHSKHX 


UiWlttiUW Ctfft<*4fc4*ifc«JtM  .^ir^-,.  . 


!I3t  ST**  *’,0‘  ft'Wrf-IIy.ln«vPtJ,yll  milfoniuniPlhvP. 
1,1  '•  Hexstlm  tlivlotie  tot  famine  ‘  * 

'%££  r~‘m-  "'"■  *",vl  *  »>*«««««► 
“nmiJ1,  ,4°'  T  ,,>24' 

IT- 

Idona-t  hyli  hcxnmilfltlc. 

J*  Hl  i.rnsn.  W (M  ‘Itlonn't livl  >  ouifone 
(mi-kwaitk  K.  \\2,J-T riclihnilK'tirni'  ' 

mU>.Si‘  <’;""l',"',,"i,,M  f'  tcaii  vl  oxl«tc  mid 

,W*«.W  ( KII«ore  Mf*.  r„  ,  •  """ 

*ti!,XT‘r  “T;'  ™  *  'mr'" ,,im*  "Vi  2  ,«r,H 

2-<  (lit  llK<titmt(iu|. | ,3,  nm|  2  ,OTr,„  Imbilot.*-. 

IMtmmi.  S.  Srr  T 1. 301. 

K.u.vk-.V  An  •«<«*,. mV  tietor*>nt  ux  >Mri|  f  7.*,  ,*.r  „  . 

»»r  . . 

K  M*  W?  '  r«n.,W«y. 

. , !r'  V  "’‘‘"i'  *"taWe  nine  n-lliilimp. 

y,  •**  'WntnviwyMwhliimimni*. 

iSw  lwMrr'' 

M<m2‘S  SOS  °f  ,"”'rr,,W‘  f,'"hir*  r"n'>t"*  "■ 

Mil,  MHhvMlHilfinvHxiJM', 

\S,nr«,’1  **HlvH«,MwwH9r|)  *„lfidr. 

Mr  A.  .Yfetlivl  ft  000.0  rotate 

T-2,nB  -«*- 

“SST' ,w*"- A 

MMJ).  Mow  median  diameter. 

Mr.  Molting  |mini, 

“IXSTi"  •'  >*m, 

■•*«****«  1 

.**  m  **  *IMil»nmmine.T,  <V>  f)rr  conV 

M  2pl™m  n'v""p  ‘""yrntr. 

‘  if,,,,  T  n  °,v™rvr-  **•»<•»«»»  •'iniilnr  to  M-l.  »*„  . 

fnfifnming  I'lilonmiiDo-T.  1 

. . .  , 

^"EEfisr  -  s 

*  °,VT',KVT-  *W  «•  M»  Ph,..T*i,r  Oinl-  „ 
y,:!'T  'f  °  T#w^‘*,,r  »f  |>tnni  for  I  ho  im|inwM.  !! 

Jhu*tfSZ"et'u‘  *,,h "  *4...hIT!r, 

ewomnmitio  imprcgmtc. 

h."r  ,Vrj"i"rt  »*,m  **  'mi>,,TOi-  J; 

imfuegn”  ' !*  W,,U  r  •*  » 

r«fi.  Mh  nittnim,  unmnui. 

MP-Wri  Mntlium  hydromrloin  snlfoiwto.  S| 

*MSA  M*w  Ajudmnfo  (*„. 

VM'  n,kW  '"M'lit "» lotto  Xitlfonlo  nrh|  «»|him  i 
XMI».  Nitm'HT  ttiotlltiu  (lltniH'lor. 


!*  NMHI  201  Inxkit  I<ki>ku.knt.  3  jv  :»  i‘>-i  1  <«.  1  1 

^  ,,nj  7 1"*-  . . yh-’oioho^  v,,r,“ 

rto  .M  .\.  .\iMi)tniiptn  nitMfon. 

NHL  Nnvat  Untonroh  Ultomtory. 

^  *«•  Rofrnotivo  Imlox  at  K’ 

15ass=“-s--= 

-  kS5“~.« 

<M).  Olivo  drtilt. 

lH  jjy.1?:  °m<v  *‘f  i^nttfio  Umntrol,  «n,i  I h-volo, 

P(  (  (  a*kov  Activated  carLtn  tmalucnl  |,v  tho  KttcWli 

-  miKsaar'-*- 

“  *-  - — 

InuZT  l¥,"',Pr>'hri"*»  mtm.Ntl,,„c.  flic, lie,,  < 
Paa-Tl.KMC.  Totrarlilorooth  V|ooo 
PrZ,  VT  C'TV";  A  l«  nldch  a//  the  l.vdrto 

^X  iVofT/r  rarir  *•""  ,-'p"  ".v 

Ik  rmnnnu  iL-UI  1^  •  "db  prrtmm.  In  ntiniiiiK  c.iin|MHiudK 

-  „  J'ocn-txo  id  llto  nwkwtirtlmw*  of  Hie  (ictK«,  •, 

■  r-’ZTr  !*  r’1':"""-  ^  ,,h-  "«(««** 

01.  Z51ZZ£ ¥s  *  i*“,w  -  ♦*«**- 

Pa.  Protein.  v 

a-Pmtrr,.  M,  Srr  Tl,  -IHI, 

Pte.«r,ov,VK.  ('nH«m(c  „cjd,  N,.\^|imotl,yLVi|imelliV|. 

'’’UJJjr 1'l|w  Pri'T  l»  titration  „f  fa>r. 

T,lwl  ,,v  ,n'«*mi'«»y  inttK. 
r>  A.  Polyvinyl  alcohol. 

hl"r,,r > h-v,t  hifV't ».« tto.  Ho*,„i  muKlnnl, 

T  ',,r  «*"'  veiernt 

"  fll  ,r,p  **'*•»<**•  IM'ncImlrn. 

•'ll.  Kelaiive  Humidity. 

HIMl«.  L’l-lJirhitmc\.Vt|iiiK'thylliyd,imoltt. 

"  JJS?  V  "f  "IHI  nM'lliyl 

J!  ^.  nx2  ,,rW”  "  "  ■' ,irr  <vnl  ml,lr,MW  finulKion. 
It.idionrtivr  aulfltr. 

jJJ5V,,,lW^  fihvlmcliimine  cdmlt. 

W«*S3"^ ZS"!  ,n  im,Wr,in,{  /.L.trmn- 

»f  (A)  11X2,  nnd 

!v^Tl!  »ty*-tii„»rml..r.,  ehlort d,..J 

M.l>,  Tmt.  S,r  .SftottiKl  Ojclt. 
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Soi.venkA  Xo.  1.  HydroReiuitrd  naphtha,  lip  03  1 33  C. 

(Standard  Oil  of  New  Jerar.v.) 

KP-8I.Y  Alknll  metal  itrlmVitm  aiilfmwte.  (Stnnro,  I  no.) 
8mrrm>  Dick  Tkmt.  Ilritiali  tent  for  mitmntlhR  pniteetlvr 
t»r«ijw*rl m*h  of  |XTMMiilile  fiilirirn. 

Sht  “HltBtK”.  Complete  failure  of  protective  rlothiiiR  due 
to  OaIiiiiihi  ion  of  prntertive  rapacity. 

8-210.  l,l'-Meth,vh'tH'-ho^3-rhloriwFi,3-dimethyl!iydiintoin). 
8-221.  1,3-1  >irliloro-.'i,.*MliplM,nylliyil!tntoin. 

8-222.  1 ,3-l)irlili>roM,.V<liph<'nyl-2-iminohy<bintotti. 

8-300.  t,3-l)irhhmr3,3-<liplM>nyl-2-rhtoniimitiuhyihmtuin. 
8-328.  7,8-l>iplienyl-l,3,4,,i-tet raehloniRlycnhiri! 

8-330.  7,8- Diphenyl- 1 ,3, l,tWteteirhlorii-2,3-iliiminiiRlvriiluril. 
8-420.  7,8-1  >iphenyl-t  ,3,  t,ii-tet  nrlil<iro-2,.Vf>i«(rliloniinmm>- 
RlynilunS. 

8-430.  2,4-3:«(l)irhlorunmin<>)-0-pheny!-l,3,.Ytrinxtiie. 

8-401.  7,H-I)inirtliyl-I,3, !,0-!?tnirMnnmlyniltiril. 

8-330.  I’hdtkitivb  Oiytmknt.  Ointment  hnviitR  foil. min* 
rom|H»<tiioit:  23  (*>r  rml  8-330,  4  prr  rrnt  eelhthre  acetate 
iMitymli',  0  |x>r  rent  titniiiiim  dmxiiir,  0  prr  rrnt  maRUndum 
alrsimic,  32  |irr  rrnt  trinrrtin,  0.8  |*>r  rrnt  Stilfiuithrene 
Itrown  0,  mid  0.2  |mr  rrnt  Motuuttnil  Fnat  fltrrn  ft. 

T.  fr/«< <f-< 'lilortM-l livlt liiiirt liv) )  rllirr. 

T-144.  .Srr  MFI. 

T-773.  .Sir  11X3. 

T-1024.  .So  11X2. 

T-1033.  .SrrPF-1. 

T-1030.  ,SrrTl..m 
T-l  123.  .So  Tl.  1217. 

T-1202.  .SoAF-I. 

T-I3I7.  Srt  F-ft. 

T-l 377.  .S,r  F-3. 

T-1703.  .SrrPF-3. 

T-I7IIK.  .Sir  Tl,  1071. 

'1-171*1.  .SollXI. 

T-IK24.  Kvnn«  lilnr  iIjt. 

T-l  833.  .Sir  Tl.  1200. 

T-1840.  .Sit  Tl.  Ml. 

T-HKM.  .SrrFK. 

T-l  1*37.  Srr  1080. 

T-2l»r2.  .s#r  Tl.  71*2. 

T-2I0I.  .Sir.MCK. 

T-2100.  .Sir  MFI. 

T-2100.  .Srr  Tl.  1020. 

T  <4  <4.  Theater  tif  ()|imliin. 

TlXV.  8rr  MCt 

T omi  XXO.  Naphthalene  fnrnvikWiyiF*  tudinnt  mKantr. 
TCA.  Trirtilomaniliar. 

TCK.  TrtrnrliliKiirlliniir. 

TO.  Thimli*lyr,il  [Mrt-hvdmxvethvl)  aulMcl. 

Tl.  70.  Sr,  F-.Y 

Tl.  138.  8olfnr  hrxnlhmriile. 

Tl.  143.  Srr  11X3. 

Tl.  110.  ,s«r  11X2. 

Tl.  301.  lanprnpvl  8.  l«npr<ipv|dii»(rM’)ilnriirthvllamlMc. 

TL  31 1.  Sr,  l'F-l, 

Tl.  321*.  Sr,  IIXI. 

Tl.  343,  T-1030.  IVlhvI  flunmphiwphnte. 

Tl.  100.  .S,r  PF-3. 

Tl.  4Ht,  n-pittfiyl  8.  PMpvl-hi*(iFrlilorortliyl)nminr. 
TI.3I0.  .Si,  l!-2Tft. 


TL  331.  Sre  AF-I . 

Tl.  .MW,  SB-8.  (3-l*>pru;>yl-4-dimcthyliimiunphenyl)-X,Xx 
diturthyleartxinmtr  mrthlialitle.  ' 

OKDXftTlilr 

cikcii,), 

TL  741.  .Sir  FK. 

TL  702,  T-2002.  htafDimcthylnmidn)  plttwphoryl  fluoride. 
TL  800.  Srr  1080. 

Tl.  '.Ml,  T-1840.  i dcyeloiiexyl  fhtompiKa.phntc. 

Tl.  1071,  T-1708,  "Haworth  foni|amnd."  (2-Mcth.vl-.Ydi- 
mrtliylnmiiH>|tlirnyl)-X-mrtliylrtirlmnuttr  metliiodide.  .Srr 
tntl,  ptw  204. 

Tl.  1183.  Srr  trxt  )KtRr  204. 

TL  1 180.  .Srr  trxt  pn*e  201. 

TL  1 188.  Srr  trxt  )M*r  204. 

Tl.  1210,  "Hnworth  learner."  (4-M"lhyl-3-dlntelhlynmlno- 
pltenyD-X-melhylrnrlinmnlr  mellilialnle.  Srr  trxt  |mrt  204. 
Tl.  1217,  T-l  123,  AU-lfl.  M-l)iethylnmlnu|>lienyl-X-methyl- 
rnrlmmntr  mrllilmlliir.  Srr  trxt  |w*r  204. 

TL  im  .Srr  trxt  |xt|tr  204. 

TL  1200,  T- 1 833.  Di-arr-lmtyt  fluomphorphntr. 

Tl.  I21W.  m-l)iethylamin<>phcnyl-X-melliylcnrlmmnte  mctho- 
rlilnriilr.  .Srr  trxt  |n*r  204. 

TL  1317.  .Srr  trxt  |m*r  204. 

TL  1433.  Srr  trxt  pn*r  204. 

TL  1378.  .Sir  MCK. 

TL  1018.  .Srr  MFI. 

TL  1020,  T-2I0P.  Iwiprupyl  ethnneflttoruphiaiphnmttr. 

T  of  O.  Thrntc:-  of  Operation. 

Tattiiumn-ll.  I,  2,2*-Triehlonidlethyl  aulftdr. 

Triuinm.  (Jerman  liquid  prrpnmtiona  (MCK)  of  PF  aerie*. 

Alkyl  eynimmidophiaqdmtfM  and  nlkvl  ffuorophoaphonatr*. 
Triton  770.  Sodium  aryl  alkyl  polyethrr  aulfate. 

TaintN  X-100.  PidyrthyiencRlyrol  iM-tylphrnyl  ether.  (Itohm 
A  llaar  Co.) 

TC.  Toxicity  unit  rrpcmmtiiiR  a  vnlur  for  the  dwr  ror- 
reapomlitiR  to  «  mmn  attrvlvnl  tlmr  of  24  hr.  (Srr  Sort  Ion 
12.3.1.) 

“Tw  ii  k"  Ot.tjt.  A  kind  of  “itrHtBtlo.t”  rrll. 

CTCL.  Cnimwity  of  Chinwi  Toxirity  Lala-ratory. 

Y.  t  Met hyf-l  -< d-hrdr«r*Trt ini >  rt hyfc aim «wa  piriylmil- 
krntr. 

VMI).  Yolnmr  mnlian  iKamrtrr. 

tot.'.  Saturation  ronrrntration  (volatility)  in  m*  prr  liter  at 
1C. 

vf.  Va|*»r  prraatirr  in  mm  Hr  nt  t  C. 

W.  Kirin. 

WHm.KtuxB.  Treatment  of  activated  cnrlain  for  u*  in  rnnia- 
trra  with  rhrmimN  to  inerrn*r  pmlertion  aRainet  tmn|irr. 
aiatrtit  HRrntr. 

XXCC-2.  Mirmntxed  CC-2. 

XVCC-3.  CC-2  micnmixed  with  JCnO  100  10. 

St.  .  «T  F-3. 

S!  of  I.  A  “«onr  of  InterW  jdiini  for  the  imprrRtiiilioti  of 
Rarmrnta  with  it  trtrarhl’mirthitnr  solution  of  n  rhloromuiilr 
imprrRnitr.  (CW8.) 


8KCRKT 


(iUMSARY 


L  l-M*«hyH(»Milomrthyl)  rthylmimonmm  eMoridr. 

II.  l-Methvl-l-<S-cM<K»*rtHyl)  ethylminKmium  picryl«»l- 

III.  Mrthyl^lil<m**M*^y‘*n*.v‘*,W,,mim*  hy‘*r"pM>’ 

IV.  l-M*thyl-l-<(Miy«ln>*yf»hyl)  rthyV ’limonium  pMotUp. 

V.  l-Mrthyt-l-(i*-hy<lfoxyrthylt  rthytf-nimonium  piervloul- 


fonntp. 

1070.  S«HS3. 

10HO,  TIj  MO.  T-1957.  Sodium  flooroarrlMc. 
1130.  See  IV*. 

I  tan.  Nrr  11X3. 

1140.  SreliSI. 
n.*>2.  Srr  PK-3. 
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BIBLIOGRAPHY 

Xumiaua  Mich  a*  Div.  0-323.2-M I  mdientc  thnt  thr  tkaaimmt  li*ted  hn*  hern  mteroWmrd  and  that  it*  title  nptrora  In  the 
microfilm  Indr*  printed  in  a  *c|«traie  volume.  For  acre**  tn  the  Index  vnlttmr  and  t»  the  micmlUm,  mnaiilt  the  Army  or 
Navy  agency  Haled  on  tin*  reverse  aidp  of  the  half-title  pngr.  \ 


EXPLANATORY  NOTES  FOR  BIBLIOGRAPHY 


The  n»onl  *rq<**iM*r  in  which  tlie  rrfrrrner*  for  each  chapter 
an*  li«ted  i»  n*  follow*: 


OSRD  REPORTS 

1.  Formal.  I  deled  ayatrmatieully  according  to  nttmlier. 

2.  Informal.  IJ*trd  acronling  to  the  contract  under  which 
they  wen*  inrjmttd. 

The  cunt  mete  an*  arranged  ,-tn  follow*: 

a.  XlX’rc  —  contract*  in  order  of  inerraaing  nttmlier. 

h.  OKM*r  —  contract*  in  onier  of  increnaing  nttmhcr. 

c.  OKMcmr  —  nuitrnrt*  in  onler  of  inerrwdng  numtirr. 

3.  Miaerllaneou*.  All  item*  originating  with  contra  cl  ora  ate 
armnged  a*  in  tlie  caae  of  format  report*.  Other  item*  (e.g., 
tlaiae  written  hy  i)ivi»iow  Memlata  or  Technicnl  Aide*) 
follow. 

(■SITED  STATES  ARMY  REPORTS 

I.  Chen  lien  I  Warfare  Service  (C'WS).  In  moat  inatancra  the 
ntmtemti*  aeriea  of  report*  ate  Hated  in  the  following  order: 

a.  C’MTII  (Captured  MntMH  Technicnl  Report ). 

h.  CMTH  MIT  (Captured  MatWel  Technical  Report) 
from  the  Chemical  Warfare  Service  Development  lath- 
oratory  at  the  Mamachuaetta  Inatitute  of  Technology. 

c.  DPdl'PII  (Dugway  Proving  Cnamd  Mrll  Png  me 
Report ). 

d.  D1MMR  (Ihtgway  Proving  Onatnd  Memorandum  Re- 
port). 

e.  DPDSK  (Pttgway  Proving  Cnaind  Special  Report). 

f  KACD  ( Kitgewiaal  Ataenal  (Itattiol  Diviaion  Report). 

g.  HAM  III)  ( Ulgcwood  Ataenal  Medical  Ihwnirh  Diviaion 
Report ). 

h.  HATH  (Kdgrwotd  Araenal  Technical  Report). 

i  Field  lalamttoty  Memoranda. 

j.  IIIKKA).  (Kdgrwtaal  Araenal  Ihepital  Report.) 

k.  MlHKAtMII.  [Medical  Division  (Kdgrwiaal  Araenal) 
Mrtnornndttm  Report.] 

l.  Ml)  Hrpt.,  tir  Med.  Div.  Kept.  [Meilicnl  I )i vision 
( Kdgrwiaal  Araenal)  Rejairt.] 

nt.  MIT-MIt  (Memorandum  Report  from  the  f'hemieal 
Warfare  Service  Uevelnpmrnt  l*ti*iratory  at  the  Mc**a- 
ehuaetta  Inatitute  of  Tcehnohgy). 

n.  MRU  DIM)  Hrpt.  [Medical  Research  lathaantory  (Dug- 
w»y  Proving Cnamd)  Report.] 

o.  MRU  HA)  l(et*t.  [Medical  Research  I.alaimtory  (Kdgr- 
«<«»l  Arsenal)  Reptrt.] 

p.  HI  Kept.  (San  Joat5  Project  Report.) 

q.  Tl »M R  [’leetinienl  1  )ivi*iou  ( Ktigewiaal  Ataenal)  Metntt- 
mmlmu  lte|»irt]. 

r.  TRI.R  [Toxicological  Reaeareh  Ijtlairntnry  (Hdgewntal 
Araenal  i  Hrpori], 


a.  Chemical  Lilairatnry  Company  Reporta. 

t.  I)P(S  Inf.  Rppt.  (Dttgwny  Proving  (inaintl  Informal 
Itqmit.) 

it.  Ml)  Inf.  Ret>t.,  or  Mr«|.  Div.  Inf.  Rept.  (Medical  Divi¬ 
aion  Informal  Retain.) 

v.  MIIUDIM)  Inf.  Rept.  [Medical  Reaeareh  Ltlairatnry 
(Dugway  Proving  (inmml)  Informal  Report.] 

w.  MI(UHA)  Inf.  Rept.  [Medical  Rramtch  ladaaatnry 
( Ktlgrwood  Ataenal)  Informal  Report.] 

*.  TRUHA)  Inf.  Re|it.  [Tnxkohigical  Reaeareh  l<alamt- 
lory  (Kdgrwtaid  Araenal)  Informal  Report.] 

y.  ( ’hcmical  Warfare  Service  Contractor*'  rrpnrta. 

*.  MiaceHaneotm  Chemical  Warfare  Service  Itrpnrta  and 
Memoranda. 

2.  Miareilamsaia  Cnited  Slatra  Army  Rr|MirtH. 


t'NITED  STATES  NAVY  REPORTS 

1.  Roremi  of  Aeronauts*. 

2.  Naval  Reaeareh  l*ihotatory.  Thr  formal  report*  hear  a 
P-numlirr  and  arc  Hated  firat.  They  are  followed  hy  letter*  and 
mrmonimln  lira  ring  Navy  Idmiilieation  mi  ml  era  and  tlntm. 

r SITED  STATES  PVBLIC  HEALTH 
SERVICE  REPORTS 

V SITED  STATES  DEPARTMEST  OF 
ISTERIOR  REPORTS 

OFFICE  OF  STRA  TEGIC  SERVICES  REPORTS 

V SITED  STATES— (  SITED  KINGDOM 
REPORTS 

Mixt  of  three  originated  with  the  Project  CiMirdinatioti 
Staff  (PCS)  at  Kdgrwiaal  Araenal.  In  aome  chapter*  they  are 
Hated  aa  (law teal  Warfare  Service  Re|airta  lucnuar  of  the 
ailminfatmtive  ifliliittion  of  the  Staff  with  tla*  Chief  of  the 
Service. 

BRITISH  REPORTS 

I.  Chemical  Defence  Kxperi  mental  Station  (Porton).  The 
act  i*ral  aerie*  of  refairta  are  liatcrl  in  tla*  following  onler: 
a.  Porton  Memoranda. 

I*.  Pialon  Report*. 

c.  Porton  Detmrtmentnl  Rejaai*. 

«l.  Pin.  Porton  "letter*"  identifhsl  hy  ii  nunila*r  and  bil¬ 
lowed  in  |wrrnila**c*  hy  n  letter  ami  a  i-ceond  nnmt**r. 
Tla*  fir*t  nttmU'r  i*  a  general  reference  mtada-r;  tlie  letlt  r 
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indieatc*  thr  year  in  which  the  "letter"  wn*  written;  tin* 
arcond  numlirr  i*  a  *|*-eiffc  reference  numlirr  fur  ihe 
"letter." 

2.  Hierarch  K>(atiii*hmrnt,  Sutton  Oak  (8.0. ). 

3.  Kxtrnmural  ltc*carrh.  Tin*  rrfxirt*  an*  ti*lrd  arcordina  to 
iii*lilution  and  |>rinrt|ml  inve*ti*ator.  They  arc  tiHitaily  rlmr- 
artrr!.*rd  Ity  a  re|»irt  mnnlrr  a**iicncd  liy  thr  invtwtiRator 
nml  or  n  lifssnnatie  llrtllnh  Chemical  Hoard  reference  run- 
abtitiR  of  a  Ictti-r  indirntiiiR  thr  ymr  in  which  thr  retain  w*» 
rimilatrd  (c.r..,  W  *  1 042;  Y  »  l!M3)  Mkiwal  liv  a  numlirr. 

4.  MaMvlinmiHia. 

CANA  MAX  REPORTS 

I.  Kxperimrntnl  Station,  Soffirld,  Alberta.  Thr  report*  arr  of 
arvrml  xrnex,  inHudin*  Kuflicld  Technical  Minute*,  Soffirld 
Kr|*m*,  and  Soffirld  Kirill  Hrport*. 

3.  National  Rtwnrrh  Council  laihomtnrira,  Ottawa. 

3.  Chemical  Warfare  l,r.linmtorie*,  Ottawa. 

4.  Cxtrumiirul  l{r*earrli. 

5.  Mi«eellatH*ai*. 

A r ST R ALIAS’  REPORTS 

Mn*t  of  th-wc  originated  at  tN>  Chemical  Defmrr  Hoard, 
Rmeareh  and  Kxpcrimratnl  Station,  lnni*fnil,  Queensland,  or 
flic  Altai  ralian  Field  Kxprrimtfftnl  •  Station,  PnecrjHnc, 
Qurcti*lnnd,  ami  I  war  die  <lr.  ignatimi  CD  (Att*lrn!ia)  Re¬ 
port  or  Note. 

INDIAN  REPORTS 

Mi**t  of  these  originated  at  thcChemienl  Defence  Rcwcarch 
K*tnl>li*hmrnt,  Hnwnlpindi,  and  I  war  the  'iesignation 
CDHK  (Imlia)  Report  or  Note. 

OPEN  LITERATI’ RE 

Hefrrrnre*  to  laaik*  end  journal  article*  nrr  arranied 
al|iliala>timlly  liy  nut  loir. 

IDEXTIPICA  Tin.N  SYMBOLS 

Tl.  numlirr*  are  Toxieit  l,aliomtory  (I'ni  versify  of  Chi- 
ratto)  code  miml***. 

T  numlirr*  arr  thr  llrilMi  and  Canadian  riair. 

AH  numliei*  refer  to  tlw  Amrlilimann  ntnl  Heinrrt  pttlill- 
nation  (Iteferenep  40  of  Chapter  13.) 

HH  numlirr*  refer  to  the  Steven*  and  Hrulrl  publication. 
(Itefefener  53  of  Chapter  13.) 
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1.  Project  Coordination  Staff  (Kthewuud  Arsenal)  Kept. 
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of  Chrmiml  Wnrfnrr  in  thr  Firt.t,  May  17,  IfMA. 
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hy  J.  V.  Conn,  (Se.-rRe  J.  ifVnriti,  t  ml  I nil  .1  Vt. » 
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j.  Informal  Re|*irt  I0.4-5K,  April  15,  MM4. 
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Matliral  IMvMon,  Ktlnawotal  AMfital,  Hajxtrl  No.  20, 
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Snlinm  CyaniHr  in  Doga,  Omtn,  ami  Hitbbila,  Marrli  10, 
1043. 

Mrtliral  INviaitHi  Hrporl  No.  34.  Tbr  Pathology  if  CK  «* 
tnhololion,  Junr  10,  IIM3. 

Mi  tlinil  Diviaimi  ltr|Nirl  No.  30.  Hraitlnal  Lrniona  if  thr 
Cralral  Srrmun  Syalrm  in  Cynniilr  Poiaoanl  Aoimaln, 
July  12,  1015. 

Matliral  INvialon  Slnlua  SununnHar,  pulitlalHf  an  ACS 
Flrli I  liilmralory  Manm  1-1-3,  I  'tlna  >t-"l  Araannl, 
AtlKuat  I1M4. 

Matliral  Hrararrh  Jjtlatn.iori  (4.  !<way  Pmvin*  (InMitnl) 
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lo  CO,  CK,  and  AC,  Nnvi’inU-  2H,  MM3. 

Matliral  *N»'  hat,  Ftlftawtaal  Ai-trnal. 
a.  l;,f.  Monllily  Pro*.  Ilapl.  April  13,  MM3. 
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a.  Inf.  Monthly  Fro*.  Rept .  No.  3,  July  15,  1044 

l>.  Inf.  Monthly  Pn«.  Rp|>t.  No.  4,  An*.  15,  1044.  Experimental  Station,  SuffieUI,  Alberta 


C.W.H.  Hjieelfteatlon*  100-21-1011,  Orlolirr  20,  1042. 

I*.  S.  Army  Specification*  00-01-210,  Aujtu*t  4,  1045. 

1*.  8.  Army  Specification*  No. 06-2I-32A,  Align*!  25, 1045. 
Cnntmel  W- 1 H-03.V4 ’WS-883,  The Cnivendty  of  Hmtthcm 
California,  A.  14.  Iturg. 

a.  Stabilization  of  Cyanogen  Chloride  XXI,  April  I, 
1045. 

I*.  Stabilization  of  Cynnngen  Chloride  XXII,  May  I, 
1043. 

c.  Stabilization  of  Cyanogen  Chloride  XXIII,  Jam*  I, 
1045. 

<1.  Stabilization  of  Cyanogen  Chloride  XXIV,  July  !, 
1045. 

o.  Slnhilitnlinn  of  Cyanofpn  Chloride  XXV,  Align*  I  I, 
1045. 

f.  Slnhilitnlinn  of  Cyanogen  Chloride  XXVI,  Sept.  I, 
1045. 
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It.  May  15,  1045. 
e.  June  15,  1045. 

d.  Ortolirr  15,  1043. 

UNITED  STATES  ARMY 

40.  Thr  Totirity  of  AC,CK,andCn,hyCn[A.  J.O.  Ilulrhmn, 
Toxin ilogical  Hwmrrh  laboratory,  Medical  Division, 
CW8,  and  Itr.  M.  A.  Upton,  NDUC,  Cnivendty  of 
Chicago  Toxicity  ljiNimtory,  Drcemlier  1044. 
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REWRTS 

41.  PC8  Hop!.  No.  I.  Statue  Summary  on  the  Rrle.ier  Value* 
of  AC,  CAT  and  ('(}  n*  Bomb  Fitliny*,  liy  Project  Coordi- 
nation  Waff,  July  10,  1044. 

42.  PCS  Kept.  No.  2.  Stahl*  Summary  on  the  P rot  ret  ion 
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CnniOrr*  Coder  Tmi-  nl  Condition »,  liy  Pnijccl  Coord  i- 
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1043. 
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Hire*  of  the  Syetrm  Hytlmyrn  Cyanide  — •  Cyanogen 
Chloride,  l»y  A.  K.  Arehllmld,  ('.  Collin,  nnd  T.  11. 
lttgntlmm,  Dnlhoit*ic  I'niveraity. 

OPEN  LITERATURE 
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Soe.  H,  101-203  (11)02). 

52.  Gelller,  A.  ().,  and  J.  ().  Halite.  The  Toxirolnpiy  gf  Cyanide, 
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.55.  Uievenhart,  A.  8.,  J.  Y.  Mnlone,  and  A.  O.  Martin.  Thr 
Artion  of  Rmpiratary  Stimulant *  l" pan  thr  Kr*piralion 
When  Drprmrtl  by  tneneumt  Intracranial  Prr**urr  With 
Special  Reference  to  Sodium  Cyanide.  J.  Pliarm.  ami  Kx. 
Themp.lt,  13(1022). 

50.  Uie-mhart,  A.  S.,  W.  F.  Urnmx,  A.  O.  Martin,  and  J.  Y, 
Mnlone.  Stimulation  of  the  Rrepiratinn  by  Snlittm  Cyanide 
ami  It*  Clinical  Application.  Areh.  lltl.  Mod.  11,  100 
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57.  Itohh,  (S.  H.,  and  Soma  WcIkh.  A  Method  for  the  Meamrr- 
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War  daunt.  II.  The  Chrmidry  of  the  Sulfur  Fluoride *,  by 

J.  II.  Sinanrs  IVnnirlvniiM  Stair  College,  Ortnlirr  21, 
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('Item,  t,  472  (IIM2). 

278.  Hnrtori,  Mario,  Thr  War  (hum,  Sim;  York,  I).  Vnn 
Noetmml  ('<».  Ine.  HOI). 
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OSRD  FORMAL  REPORTS 

1.  081(1)  833.  Cor  ration  of  Strrl,  Rratt  ami  Salrlrt  by  Purr 

MO  ami  Purr  11-10,  Itv  Patti  I).  !  tart  let  t,  llarvanl 
Cnivemity,  Aitgnat  31,  HM2.  INv.  0-234. M4 

2.  OHItl)  tt|4.  Prrparalina  ami  Stability  Studin  of  11.10, 
1070  ami  Clatrly  Related  Compound*,  Itv  (le«  age  11. 
(‘•tlenrnn,  State  t'nivemily  of  Iowa,  October  2,  IM2. 

Div.  0-22I.2-M2 

3.  OHItl)  M2.  Thr  Rrln-Chlamrlh  yin  mi  art:  Kind  in  of 
Ditplarrmral,  Hydrnlytit,  ami  Dimrritalioa  of  Brta - 
Chlororlhyldirlhylaminr,  Mrlhytdumrhlororlhylaminr  ami 
thrir  Similarity  la  thr  Rmrtiam  of  HS,  liy  Patti  I). 
Bartlett  Harvard  Cnivemity,  Oetota*r  7,  HM2. 

Dv.  0-22  l.l -Ml 

4.  081(1)  OKI.  Summary  of  Work  an  1070,  II.W and  Nrlalnl 
Compound*  in  Srrlion  H-1,  S’ l)W',  by  (*.  H.  Marvel, 
The  t'nivrmitv  ttf  Illinois,  Oetolier  22,  IM2. 

I)  v.  0-22I.2-M4 

5.  081(1)  1008.  7>r  Slahilitirt  of  MO  ami  11-10;  Pirpara- 
liont  and  Prof  ‘tin  of  Ihrtr  Suhtlanrrt,  liy  M.  8.  Khn- 
rax-h.  t'nivrmitv  of  ('hirago,  ( Vtolirr  12,  IIM2. 

INv.  0-221  -2-M3 

0.  OHIO)  IIHA.  Volatility  of  I'rriaim  Artrnir  and  -\ilmgrn 
CiuMimundt,  Itv  II.  K.  Itent,  N'ovemlier  10,  «!M2. 

Div.  0-200-M4 

7.  OHItl)  1117.  fin  Preparation  ami  Praprrtirt  of  Alkyl 

S-Xiinmt-S-Alkylrnrbnmatn.  and  Rrhdrd  Compound*, 
liv  M.  H.  Kliarnaelt.  I 'mverxitv  of  Chiragn,  Deeemlier  II, 
1042.  Div.  0-222.  t-M  I 

8.  081(0  1131.  Summary  of  thr  Hinrhrmiral  and  Pharma - 

ralayiral  Pro/urlm  of  thr  Amiar  Mudard,  liy  Homer  W. 
Smith,  New  York  t'nivrmity  Medical  Setaad,  Oeeem- 
l«r  0. 1012.  Div.  0-321. 1-M2 

0.  OHItl)  1148.  Thr  Pn  imralian  and  Stability  of  I  III.  ity 
(ieiatte  II.  ColeiiMtli,  State  I'lilvemlty  of  lima,  IVcem- 
la  r  7.  1042.  I«v.  0-22I.2-M3 

10.  OSI(l>  IIAH.  Thr  Prrimralian  and  Stability  of  U"t,  by 


(•ettrge  II.  Oilemaii,  Stale  t'nivemily  of  limn,  Detviu- 
lier  0,1042.  Div.  0-221. 1-M2 

11.  081(1)  1284.  Pottiblr  Toxic  Ayr  at t  and  Inlrrmtdialit, 
by  M.  8.  Kharaaeh,  Cnivemity  of  ChifaRt'.  March  22, 

1043.  Div.  0-200-MS 

12.  081(1)  ISAM.  Thr  Preparation  of  dd'hlorin  thyl-il-lltplriirii- 
ethyl  Mrlhylaminr  oml  lit  Pidymrritatinn  Pntlurlt,  by 
It.  |..  Hhriner,  I'nlvemily  of  Indiana,  A|»ril  21,  1043. 

Div.  0-221.1-M  I 

13.  081(1)  I43H.  Thr  Hrorliont  of  1)11,  Tl.  /  Tl.  -UR  nnd 
Tit  lid  with  tnmr  CI.rmiral  ContHhirnlt  of  Hinluyiral 
Sytlrmt,  by  Max  Bcrgmanti,  W.  II.  Stein,  J.  8.  Proton, 

C.  Gnhimltic,  and  M.  A.  Stnhmae.n,  Tlte  llnekcfellor^. „  - 
Inetitote  for  Medical  Keeeareli,  May  21,  1043. 

Div.  0401.3-Ml 

14.  081(1)  IflTO.  Thr  0-Chlanuikylnminn:  A  Purlhrr  Kinrlir 
Analytit  of  Ihr  Dimrritalioa  and  llydralytit  of  Mrlhyl 
bin-O-rhlarorthylaminr;  Purlhrr  Obarrmliont  on  l)irlhyl- - 
d-rhlomrlhylnminr  and  Trit-O-rhlorarlhylaminr,  by 

Paul  I).  Bartlett,  Harvard  t’nivrmlty,  July  It,  1043. 

Div.  0-221. 1-Mtt 

15.  081(1)  1003.  Thr  Valalililirt,  Vapor  Prrtturrt  ami  Some 

Phytiral  Canttanlt  of  Turlrr  Nitrogen  Muttardt,  by 
(*.  Kmat  Itrdrmnnn,  Itnlph  B.  Fearing,  nnd  Dora  Itene- 
tliet,  I'nlvemity  of  CliirnRn  Toxicity  Ijthttrntnry, 
At**!  2,  1043.  Div.  0-221. 1-M7 

10.  OHKI)  1070.  Thr  Preparation  and  Stability  of  S’ilmyrn 
Muttardt,  Itv  Oconee  II.  t'olemnn,  July  3,  1043. 

Div.  0-22 1.1 -MS 

17.  081(1)  IMS.  Thr  Hrorliont  of  Silrayrn  Mutlnr.lt  with 
Chemical  Comdilumlt  of  Biological  Sytlrmt,  Ity  Jim*|iIi  8. 
Frttlitn  and  Max  1  tenement!,  William  II.  Hteln,  Calvin 
Cttlttmltie,  and  Mnrk  A.  Htahmann,  Tlte  l(oekefelh>r 
Inetitnle  for  Metliml  Iteaeareh,  Heiitemlier  28,  1043. 

INv.  0-321. t-MII 

18  OftllD  1802.  A  Kimtir  Study  of  Rlhyl-biiHbehtmo. 
rthytaminr  (IIS-1)  in  Walrr-Arrlonr  Solution *  and  a 
Companion  with  IHhrr  ttd'hlororlhylaminn,  by  l’titll  I). 
Bartlett,  Onrdner  8wnin,  Kidney  I).  IIuhi*,  anti 
Jantea  W.  Davie,  llarvanl  I'lilvemlly,  Oetolier  It,  1043. 

INv.  0-22I.I-M8 

10.  OHItl)  1000.  A'nr  Mrlhodt for Synlhrtitiny  Alkanolaminrt 
for  I " tr  in  Vrtiranlt.  Exploratory  Sludirt  on  Ihr  Synlhnit 
of  Rlhaoedamion  from  Pormaldrhyilr  and  llydmyrn 
Cyanide,  Ity  I).  J.  Daler,  Ammonia  Drftnrtmenl,  K.  I. 

Dn  Pont  tie  Nenvaim  It  Ctt.,  Ine.,  Xovemla^  1.  1043. . 

INv.  0-221.1-MI 

30.  081(1)  1001.  A'nr  Mrlhodt  for  Synlhrtitiny  .4  Hamdaminrt 
for  unr  in  Vrtiranlt.  Synlhnit  of  Klhnnolaminrt  by  Com 
limmur  llydntyrnnlion  from  Pormaldrhydr  nnd  ll.plruyrn 
Cyanide,  Ity  I).  3.  Itn Irr.  K.  I.  tin  Pont  «l»*  XettHHim  tc 
Ctt.,  Ine.,  Xovemlter  2,  IM3.  INv.  0-22I.4-M2 

21.  081(1)  33A4.  /.  Preparation  of  Com/nundi  IMhrr  than 

Sitmyrn  Mudardt.  //.  Drnmlim  of  f'll'  Ayrult,  by 
(•come  II.  Coleman,  Joaejtb  K.  ('alien,  .lioepli  J.  ('time*. 
Cheater  M.  Mel  lackey,  Konald  K.  IVIe,  (5tr*t  Xieladc, 
Frank  A.  Stuart,  ami  llola^l  I..  Snnilla-nc,  Slate  I'nt- 
vemity  of  lima,  Marrli  14,  MM4.  Div.  !F2tX)-Mti 

22.  08111)  3380.  Ttrlt  of  Ct.hu .timid* d'lutlniuiny  thnlunnl* 
fur  Pratrrtinn  and  Ihrantaini nation  of  Human  Skin 
Againti  Vrtiranlt,  by  .||«'||||  Satit,  John  F.  Th»m-oo, 
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Kunmr  (loMwamr,  Prtrr  DrBnivn,  and  MnrRnrrt  A. 
Bloom,  I'nivrmitv  of  Chimipi  Toxlritv  l-nliofatorv, 
Marrh  21, 1044.  IMv.  0*11 I-M2 

29.  IIHIII)  SMI.  Prrparalinn  and  Stability  of  Ihr  Xitraprn 
Mutlanlt,  liy  (trorir  II,  Colrmnn,  Jonrjih  K.  Cnllni, 
Chwlrr  M.  MrChadtry,  fiimt  Xklti  4*,  Ronald  K.  Pylr, 
Rolirri  I,.  Sondltrnc,  Frank  A.  Stuart,  Stair  Cnivrmitv 
of  Iowa,  April  27,  l'M4.  IMv.  0-221. 1-MIO 

24.  (Bill)  3557  Sludirt  nn  Ihr  Kinrlirt  of  Ihr  It-Chloro- 
rlhylaminrt  nnd  Ihrir  Pmditrl n  in  Diliilr  Aquraut  Solution, 
I iV  Barm’ll  Coltcn  and  Kirin  II.  Van  Artmlalrn,  May  I, 
I1M4.  IMv. !  1-221. 1-Mtl 

11.  (Mill)  9(121.  Trratmrnt  nf  Walrr  Cnnlamitolrd  with 
Chtmiral  War  fort  A  fruit,  by  A.  M.  Ituawrll,  C.  C.  Prim, 
A.  (*.  Wimp,  II.  K.  Ilnikain,  ami  II  <!orr,  I'nivrmitv 
of  lllinoia,  May  13,  HM4.  IMv.  H-.VW-M4 

20.  OSIll)  911011.  Thr  Chrmittrp  of  Thrrr  Xitraprn  Mutlanlt 
at  Walrr  Contaminantt,  hy  Arthur  M.  Kuawrll  ami 
Clwrir*  Prim,  May  24,  1014.  IMv.  0-221. 1-MI2 
27.  OSIll)  302S.  Stnrngr  ChararlrriMirt  ami  Slnhilitalino  nf 
HX-I  ami  llX-i,  I IV  J.  (’.  Wnorihouap,  A.  8.  Wry  Ramil, 
M.  T.  (5«»4irl,  II.  B.  Kpmahl,  (Imwrrfli  Chpmiml  Dr- 
pnrtmmt,  K.  I.  du  Pont  do  Xrtmuim  It  Cnmpnnv 
Ai«uat  I,  1044.  IMv.  0-221. 1-MI3 

2ft  (Mil)  3044.  A  Vapor-train  Study  nf  Ihr  Cnmpamlirr 
Vrticnnrp  nf  M ntlanl  ami  Srtrral  Rrlatrd  Aminrt  ami 
Sulfidrt  on  Human  Skin,  tiy  Simon  Blark,  Km  noth  P. 
IMilioia,  nnd  Morria  A.  Upton,  I'nivpmity  of  Ctiirmn 
Toxlrity  latlaantory.  Annual  90,  BM4. 

IMv.  14901.1-MI 

20.  OSIll)  4170.  Slalut  Rrpnrl  on  Tnzirilp  nml  Vrtiranl  Trtlt 
nf  I’nm/mindt  Hrfrrrnl  In  Ihr  I'nirrrtily  nf  Chirayu 
Taririlp  Lahnralnry,  by  llovlamlp  I).  Yiainff,  (Vtolirr  3, 
1044.  IMv.  0-900-M4 

90.  OSIll)  4104.  Thr  Prrparalinn  for  Taririlp  Trtlt  of  tiomr 
Htlirarprlrt  Cm,  In  ini  up  a  Silro fra  Atom  Common  la 
Tim  Futnl  Rinpt,  liy  (’.  II.  Xollrr  and  I,.  Kaplan, 
Stanford  I'nlvpni|ly,8rpirni!irr27, MM4.  IMv.  0-224-M3 
31.  OSIll)  4279.  A  Summary  if  Ihr  Vapor  Pntturrt  ami 
Volalililirt  of  Compoumlr  Sludird  at  Ihr  Cniirrtily  of 
Chimpo  Tnxirilft  Imhnralnrp,  liv  Front  llrrirmann, 
Saul  W.  Chaikin,  Ralph  II.  KmtinR,  Dntailla  Van 
Ihrorn,  Jiwrph  Savit,  Dorn  Hm"dirl,  ami  (•mtRr  J. 
Ilotariu,  I'nimmity  ■  ('him (pi  Toxicity  I.nlioratory, 
Xovamlipr  4,  1044.  IMv.  142nO-MK 

92.  OSIll)  4903.  Thr  Prrpnralion  ami  Stability  nf  Xilmpra 
Mutlanlt  nml  Hilnlnl  Cnmpnnmlt,  by  (imr-RC  II.  Coir- 
tunn,  .loapph  K.  Cnllrn,  Clinton  A.  Dwmfcld,  ( lira  ter 
M.  MrChwkrv,  (lint  Xicholn,  Rolirrt  I,.  SumlliprR, 
State  I'nivcmitv  of  Iowa,  Xovpmlirr  2,  1044. 

IMv.  0-221. I-MI3 

33.  OSIll)  4.11V  Chrmiral  Rrariinat  of  Ihr  Silmprn  MmiarHt 
ISnppIrmrnl  In  OSIll)  .Vo.  IM.il),  Ity  Max  Brntmann, 
J«»p|ih  S.  Kniion,  Calvin  fiohimltir,  Mark  A.  Stnhmann, 
nml  William  II.  Strin,  TIip  Horkpfpllpr  Inatitutp  for 
Mrriirid  Hrapnrph,  .lanimrv  2,  104.1.  IMv.  14221. 1-M10 
31.  OSIll)  403M.  Trtlt  for  Drconlaminalina  of  Matlanl  ami 
Xilniyiu  Mutlanlt  no  Horn  no  Skin,  liy  FuRrnr  Oold- 
»a--wr,  Prtrr  I*.  II.  Drllniyn,  John  K.  Thoiuxm,  ami 
Jiwpph  Savit,  I'nivriviiv  <if  Chicaro  Toxiritv  Udiura- 
ton-,  January  27.  I'M. 7.  IMv.  0-522-M.t 


35:  OSKI)  4001.  SSubttilnlnl  Carbamalrt  of  Phrnult  Con- 
lainihf  a  Qnalrmarp  Ammonium  Group.  II.  Drrim'trt 
of  Thymol  ami  Carrarml,  liy  II.  L  Sliritipr,  J.  C. 
Hpnrti,  Jr„  C.  II.  Itumpll,  and  W.  II.  Klliott,  I'nivpmity 
of  Imllana,  Krtminry  A,  I04.Y  IMv.  I4222.4-M3 

30.  OSIll)  4K5A.  Thr  Prnrlmlittn  nf  Vrtimol  Vat  art  into 
Human  Skin,  liy  Max  Bpritmnnn.  Jonrph  S.  Kmton, 
Calvin  Oolumliip,  Stpplipn  M.  XaRy,  Mark  A.Staluaann, 
nml  William  II.  Stpln,  llopk«*fp||pr  Inatiiutp  for  Mrdiml 
llrrrarrh,  Mnrrh  24,  I1M.1.  IMv.  14301. 1-M2 

37.  OSIll)  ,10110.  Thr  Kfirct  of  Flair  Hair  on  Ihr  Tnxirilirt 
of  II,  Q,  HXl,  ami  11X4  ami  I,  67  Inhalation,  hy  Total 
Krpnturr  and  bp  Hi  tip  Kipnturr,  liy  Ham-  O.  Alliaum, 
Dorn  BropJIrt,  Kmnpth  P.  Diilloix,  llimanl  0.  Oliuw, 
Jnmtw  II.  M.  llrndrmiHi,  nml  John  O.  IIiiIpIipivh,  I  nl- 
vpmily  of  ChiPtiipi  Toxirit.v  Ixilaimton-.  April  2S,  1045. 

IMv.  0-300-MI 

3M.  OSIll)  5003.  X-Alkpt  Carbamalrt  of  4-Sobtlilulnl^ft- 
Dimrlhylphrnnlt,  hy  II.  L  Hlirinpr,  C.  II.  Rm«ii*ll,  nnd 
J.  C.  Sprck,  Jr.,  I'nivpmity  of  Indiana,  April  2H,  1045. 

IMv.  0-222.I-M3 

30.  OSItl)  .1032.  .4  Formal  Annlptit  of  Ihr  Action  if  Liquid 
Vrtimolt  00  Barr  Skin,  liv  llprliprt  l>.  Ixtmlahl,  I'ni- 
vpmitv  nf  Chimipt  Toxipity  lailaimtory.  May  5,  I1M5. 

IMv.  t49tn-M2 

40.  OSKD  5 iOO.  (Mmrmlinat  00  Ihr  Hair  of  Mohr  in  Iht 
.*'  crplihililp  of  Human  Skin  to  Vrtiran'  Vnport,  liy 
Itnilapy  Rpnahaw,  XDItC  IMvialon  0,  June  I,  I  IMA. 

IMv.  I490I.I-M4 

41.  OSIll)  5104.  Trtlt  for  Vrtiranrp  on  Human  Skin,  by 

John  K.  Thomnon,  lloylnndp  D.  VminR,  Joapph  Savit, 
KtiKimp  (Soldwnmpr,  ilnyimHMl  (!.  Murray,  and  IVlrr 
Drllniyn,  I'nivpmlly  of  Chimipt  ToxWl.v  ladiomtory, 
Jum*  I,  11)45.  IMv.  149IM4M3 

42.  OSIU)  5247.  Paraphroplrordiaminr  Compoundt,  liy  I.  I. 

Smith  ami  V.  Kwrllmnlt,  I'nivpmity  nf  Minnmota, 
Junr  21. 1  IMA.  IMv.  I432I.3-M  I 

43.  OSIll)  A30A.  Supplrmrnl  In  OSItl)  .|/?rf,  Slalut  Hrpnrl  am 
Totirilp  and  Vrtirnnl  Trtlt  of  Compoundt  Hrfrrrnl  la 
Ihr  I  'ninr.tilp  of  Chicapn  Ittbomlnrp,  Jtily  4,  1045. 

IMv.  0-3044M5 

OSRD  INFORMAL  REIXHtTS 

44.  Conlrart  XDCrp-132.  Cnivrmily  of  ChimRo  Toxirity 
Ixilairatory,  K.  M.  K.  (o-ilinc.  Inf.  Month.  IVor.  Hrpta. 
on  Tnxirilp  if  Chrmiml  Wnrfnrr  Apr  nit  (XDIIC  0:4:1 ) 

IMv.  I4I2YM2 

a.  Xo.  I,  Prltninry  10,  IIM3. 

Ii.  Xo.  3,  April  10, 1043. 

r.  Xo.  .1,  Junr  10,  1049. 

d.  Xo.  10,  Xovrtnlrr  10,  1043. 

p.  Xo.  19,  Krlimary  10,  HM4. 

f.  Xo.  17,  Junr  10,  1044. 

R.  Xo.  IK,  July  10,  1044. 

h.  Xo.  10,  AuriixI  III,  1044. 

i.  Xo.  20,  Srptmiilirr  It),  IIMI. 

j.  Xo.  Jl.Ortohrr  III,  Bill. 

k.  Xo.  22,  Xovrmlirr  Ml,  BM4. 

l.  Xo.  23,  DrPrndipr  III,  I1M4. 

m.  Xo.  24,  January  Ml,  I'M.Y 

0.  Xo  21.  Krlirunry  2K,  I1M.7. 
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45.  Contract  XIX'rr-132,  I'nlvcn.lty  of  (liingpi  Tioirtijr 
hahomtory.  Special  Ilcpt*. 

a.  No.  3.  Cor  it  ml  Damage  from  Tl.  UVt  ami  Tl.  139, 
At«i*l  1-s  1042.  I  *  IMv. 

li.  So.  10.  /.  Rye  Rjfrrte  ami  Taxirity  of  Tt.  329. 
II.  Toeirily  of  10V)  Jar  Mire,  Ortnher  31.  MM2. 

IMv.  0427-MI 

e.  \n.  II.  Peroral  Stall to  of  Comyaratire  Rfirrlt  of 
Amiarr  ami  I’arhamatn  an  Ihr  Rye,  Novcntlicr  10, 
IIN2.  IMv.  1U320-M2 

il.  N«*.  15.  Prrarttt  Stator  of  Comparalirr  Rfitrlt  of 
A  mittro  ami  Carbamalrr  on  Ihr  Rye,  Novrmlicr  23, 
MM2.  IMv.  1U.T2n.M2 

40.  ('.attract  XIK‘rr-130,  Harvard  I'nivrtvlty,  P.  I>.  Mart¬ 
ini,  Inf.  Pm*.  MrjHn.  Iliv.  0-255-Mll 

a.  Oritlw*.  MM3. 

Ii.  XiiwiiiIw  10,  MM3, 
e.  IVfrmlirr  10,  MM3. 

<1.  January  10,  MM4. 

e.  Fetaiiary  10,  1044. 

f.  March  10,  1044. 

47.  Contract  ()KMnr-8.*i,  I'nivrrxity  nf  NVImtxkn,  C.  8. 
Hamilton.  Inf.  Month.  Pro*.  Ilcpt.  for  Ait*imt  MM3. 

IMv.  0-2I3-M4 

40.  Contract  OKM.-MI7,  Iowa  State  Collcfc,  II.  (illmm. 
Inf.  Month.  Pm*.  Kept-*.  Iliv.  0-122-MI,  M2 

a.  May  1042. 

I>.  June  MM2, 
r.  April  MM3. 

d.  May  1043. 

e.  July  1043. 

f.  .(cptcmlicr  1043. 

*.  January  1044. 

40.  Contract  OKM»r-l(W,  Indiana  I'nivcmity,  H.  I. Shrinre. 
XDIIC  03:2  Informal  Ilcpt.  No.  7.  \,K,K,S,.Teim 
($-t'hlnrarthyl)  Rthytrae-eii miar  IHhytirnrhlnrate.  Mcjr. 

lentlicr  21,  1043.  I*iv.  0-221.3-MI 

90.  Contract  OKMht-222,  Cnivcndly  of  •  ’mcn*n,  M.  rv 
Kharaach.  Inf.  Month.  Pn*.  Hcjit.,  March  III,  1042. 

Iliv.  0-255-M2 

51.  Contract  OKMnr-223,  Slate  I'nivcmitv  of  Iona,  (!.  II. 
Coleman.  Inf.  .Miaitli.  I’m*.  Ilcpt*.  Iliv.  0-221. 1-M2 

a.  May  104° 

h.  June  Mr.  j. 
c.  Scptcmlicr  1042. 

52.  Contract  OK.M*r-325,  California  !n«lilute  of  Tcclt- 

tv4o*>',  I-;,  II.  thrift  and  Carl  Niemann.  N I  MIC  11:3,  Inf. 
Kept.  No.  07,  Tahltooflhr  Phymiral  Conetant*  nf  Chi  mwnl 
Waejarr  .1  grate,  June  5,  1044.  Iliv.  0-200-M7 

53.  Contract  OKMxr-.TOI,  Cnivcrsity  of  Chica*o,  Morrf*  S. 
Kliaraach. 

a.  \  1  till '  0:2:1  Informal  Kept.  No.  6.  Pre/amUim  mf 
.'•fVumrrtji  \  ilrooorarhamatee,  Nnmtilrr  24, 
1043.  Iliv.  0-222.3-Ml 

I*.  Inf.  Month.  Pm*.  Ilcpt.,  Ocptcmlrr  1042. 

c.  Inf.  Month.  Pm*.  Ilcpt.,  Ilcccmlicr  1042. 

d.  Inf  Mmtfh.  IV*.  Kept.,  January  1043, 
c.  Inf.  Month.  I’m*.  Ilcpt.,  Fclanary  MM3, 
f.  Inf.  Month.  Pm*.  Ilcpt.,  April  MM3. 

*.  Inf.  Month.  Pm*.  Kept.,  May  MM3, 
h.  Inf.  Month  Pm*.  Kept.,  June  1043. 


i.  Inf.  Month.  Pro*.  Ilcpt.,  January  MM4. 

j.  Inf.  Month.  Pro*.  Ilcpt.,  A|>ril  ltM4. 

54.  Contract  OKMar-.Vat,  New  York  Cnlvcmity,  Homer  tV. 

Smith.  Inf.  M<aith.  Pro*.  Kept.,  NI1IIC  0u*.:l  No.  II, 
Dcecmlicr  10,  MM3.  Iliv.  tU30IUMl 

55.  Contract  OKM*r-7<M,  K.  I.  dtt  Piatt  tic  Nentiatr*  ntul 
C<an|Mny,  II.  W.  Kllcy.  Inf.  Ilcpt.  No.  3,  llrtolu'r  I, 
MM2. 

50.  Ciuttrnrt  OKMcntr-O,  I'nlvcraiiy  of  t Vn tw<y) va 1 1 in ,  K.  II. 
Adler. 

a.  Ilctit.  No.  37.  The  Thera prolir  Rffirt  of  Stolium 
Dirlhyl-DithM'arbnmatr  Againrl  IlS’.i  Isrinor  of 
Hobbit  Ryn,  l»y  K.  ||,  AtUcr,  I.  II.  I,nip»ld,  and  • 
W.  O.  iaiMottc,  Jr.,  January  7,  MM4. 

IMv.  B522.I  I-M4 

l».  tlrpl.  No.  38.  Pathology  af  I  ‘atrratnl  H\3  Isobar 
of  Ihr  Hahhifo  Rye,  Ity  F.  II.  Adler,  W.  K.  Fry,  1.11. 
lco|»>h|,  and  W.  O.  l^iMottc,  Jr.,  Janttarv  10, 
MM4.  IMV.  0-522.2-M5 

c.  Ilcpt.  No.  30.  Thr  Pathology  of  a  Stamlanl  Oralar 
Istina  rtf  l.igaitl  HS2,  hy  F.  II.  Atllcr,  W.  K.  Fry, 

I.  II.  l,co|Mild,ntid  W.O.  InMultc,  Jr.,  January  22, 

MM4.  Iliv.  IU32I.I-MI3 

57.  Ciwilract  OKMcmr-24,  Wilmcr  Inatitiilc,  TIn*  Jnlinx 
MopS.ii*.  t'nivemily,  A.  C.  Wood*  and  J.  H.  Fricdcnwnld. 

a.  Ilcpt.  No.  38.  ( Uinimt  am!  Pathological  Sliiriin  on 

II. 10  Oralar  Barar  in  Ihr  Habbil,  Ity  It.  O.  Schohl, 

Au*uat  20,  1043.  IMv.  1U32I.2-M4 

h.  Kept.  No.  40.  .4  Comyarieoa  of  Ihr  Hirtnpatholotig 
of  Ihr  Oralar  Isobar  Pradaml  by  Matlanl  and 
Kilmgra  Matlanl*,  Ity  A.  K.  Mauntcncc,  A|a(l  14, 

1044.  iMv.n-ani.2-Mt 

C.  Hcjtt.  No.  52.  Treat  mral  of  IIS  I,  UK  I,  II  S3  ami 
Tl,  4M  Oralar  lajarint  ualh  Smliaat  Oirlhyl  Oilhio- 
mebamatr,  j-.l  urrawontt  rrayta  hranar  oral  ami 
t-AmiamJi-mrrraplm  bratatr  oral  ethyl  rafrr,  hy 
A.  K.  Mnumenre,  A|wil  27,  1044. 

IMv.  0-522.2-314 

d.  Kept.  No.  50.  Treat  meal  of  HNt,  HXl,  11X3  ami 
/.  I  a  jar  in  of  Ihr  HalibiTt  Ryr  with  Carbntmx  Oint¬ 
ment*  Pemtaiaiag  ,V  OH  b)i,  SDH  USD  or  HA  I.:  nr 
Mixlam  of  XOH  btj  ami  BA  la  hy  J.  8.  Frictlen- 
wald  ami  W.  F.  Iliixta*,  Jr.,  Au*tiat  12.  1044. 

IMv.  tU522.2-.Mr. 

MISCELLW’KOIS 

58.  (’.attract  OKM»r-H5,  Cnivcmily  nf  Nclwaaka,  (*.  8. 
Ihimilnat.  C.arcata.n.lcncc,  Ati*ust  5,  MM3. 

IMv.  1M2H-MI 

50.  ('.attract  OKM»r-1l7.  Iowa  State  Collc*c.  Henry  (iilnmn. 

Ctirrc..|aaulctMa-I  A|ail  7,  1012. 

HO.  ('.attract  OKMcr-ftM,  Cnitoity  if  Chira*»,  M.  8. 
Kharaerh.  C.arccjiondrnce: 
a.  Alarch  0,  MM2 
h.  I  VcrnilaT  II,  MM2 
c.  Ajnil  17.  PM3 
<1.  June  21,  l!M5 

01.  C.atlmct  f)KMar-70l,  K.  I.  .lit  Pont  dc  NcitH.iir-  and 
C»tn|Miny,  II.  (V.  Kllcy.  C>arc>|naHlcncc,  Au*u*«  30 
PM3.  • 


RIRLKMilUPHY 


*12.  A  (I  Iff.  F.  II.  mill  I.  If.  l^i'|Hilil.  Thr  Tnnlmrnl  i  if 
Vnkanl  Go*  Injun'"  In  thr  Eyr  Aflrr  Dmotlnminalitm, 
('ImplPt  IM  (pn**.  33ft  33ft)  i <t  Viiliimf  I,  Ayr,  «t  M* 
Kwcirtilir*  on  Chrmiral  Wnrfarr  Mnlirinr  prrpntfil  fur 

1110  (’ommiltrr  <m  Mnliml  Itrmtrrh  iif  thr  (Wirr  nf 
SoifiiilRf  Itwmrrli  mill  Drvrlnpmrnt  liy  tin*  (’ommiltrr 
mi  Tmttmral  of  (im>  (‘itfimlUfM  «f  thr  DivMott  n I  Mnll- 

1111  Srinirm  of  ihf  Xutlminl  Itmmrrh  (‘iHiiicil,  1015. 

Dir.  0-1  I0-M1 

ft3.  Sr  In  ill,  II.  O.  Ctiniml  anti  Pnlhnlntjiml  Slmlir*  of  Drntar 
MoMarti  Gw 1  Burn*,  Oinp’rr  8  (pn*m  102-213)  iif 
Vuliimr  I,  Eyr,  «f  llir  Farrimlw*  im  Chrmiral  Warfare 
Mnlirinr  |Kf|Mff<i  fur  llir  (’ommillpf  mi  Mnliml  llf- 
nmrrh  nf  (Im  Oflirr  of  Hrirntifir  Itmmrrli  nml  Drvrinp- 
mmi  hy  l Ik-  ('nmmiltrr  <m  Trrntmrnt  nf  (Inn  (’tuoialtim 
of  thr  I  h  virion  nf  Mnliml  Srirnm*  nf  )lir  Xntionnl 
Hwrnfrli  (’iiiniril,  1043.  Dlv.  0-IMVMI 


V SITED  STATES  ARMY  REPORTS 

Chrmiral  Wnrfarr  Srrrirr 

04.  DPOHIt  13.  Firlil  DhttrrmUnn*  on  Phyainlnyiml  Rffni  nf 
HX-I,  Anftimt  23,  MM3. 

AS.  DPGHH  43.  CamimriMiH  nf  USA  anti  hwintirin  H  Din- 
/ trnmi  in  Oprn  ami  WnaAnl  Trrrain  I  'mirr  Srmi-lmpiml 
ComliUno* ,  Drfriulirr  X,  I1M4. 

00.  DIHISIt  32.  Thr  A  <mml  .,f  MSI  IIArn  DitprrmA  in 
Oprn  Trrtnin  I  ntirr  Srmi-lrnpiml  Comlilion*,  ami  a 
Comparimn  nf  HSl,  H,  mill  USA  I  mltr  ihr *r  Com litinnn, 
Drcrmlirr  3,  MM3. 

07.  HATH  78.  Ciimtlnnt*  nml  Phyninlnyiml  Arlinn  nf  Chrmiral 
Wnrfarr  Ayrnh,  July  10,  1032. 

08.  HATH  28|.  Trial {t-rhlomtlhiiDnminr  ami  TrirlA-rhlom- 
HhyDnminr  H ytlmrhlnnilr. 

00.  IIIMKA)  I.  Thr  Cliniral  A*prrl*  nf  Expmnrr  In  Xilmyrn 
Mmtlnni,  Jimp  17,  MM3. 

70.  MIH  HA )Mll  02.  Slmlir*  nf  Ei/r  ijrainn*  Cnil*nl  Ay  Com- 
fmum!  1 1  Al),  Augurt  1,  MM2. 

71.  Mnliml  IHvWnii  ltp|mii  Xn.  40.  Kmlnnlinn  nf  Ihr  Hnhhil 
for  II XI  Birlrt  Binmamy;  //'»,  Symptnmalnlnyy,  Pnthol - 
nyy,  Hrmnlnlnyy  nml  Eyr  Slmlir *,  July  7,  MM3. 

72.  Mnlirnl  Division  |{t'|»nrt  Xn.  00.  Thr  Pmlrrliim  AffnnM 
hy  I 'Inn  I  Mi  XoO  Prtm-i  ('(’•’  Im/irrynnlnl  Pmtrrlirr 
Ctalhiny  Aynio*l  IIXl  I  n/Jor  I ’mlt  r  Simttlnlnl  Tmpiml 
Comlilinn*,  Jiiriunry  10,  MM0. 

73.  Mnlim!  DivMtrtl  Iti'imrl  Xn.  07.  Thr  Pmlrrliim  Affnnlnl 
hy  I 'Inn  II  nml  Clnn  I  Ml  Xnll  I'l'-i  Imprrynnlnl 
Clot  kitty  Ayniwtl  liS.I  Ynpor  I 'mltr  Simiitnliil  Tmpiml 
Comlilinn*,  Jmuiury  24,  MM3. 

74.  MIT-MIt  Xn.  40.  Manufttrlurr  nf  Bi*( A-rhlnmrlhyl V- 
tlhylnmmr  hylhir-Shp  Promt*,  (K'liilpf  t2,  MM3. 

73.  MltUMA)  llf|it.  Xii.  23,  Corrrlnlion  nf  Eyr  Phnom*  in 
Hnhhil*  with  Cl'  Erimmirr  In  II,  Jimp  12,  MM4. 

70.  TDM  If  380.  Bi*(J-rhlifnrlhyl)mrlhylnminr.  I’rrliminary 
Phyninlmjir  Ejm  mi  tint inn.  Jinn  I,  MM2. 

‘77.  TDM II  307.  BiUJohlnrmlhyhtmlhylnminr  (".V”). 
Million  hthnl  I  'non  olrnlinn  for  Mirr,  Jimp  20,  MM2. 

78.  TDM  It  423.  Trin  f-rhlm-nrlhyDnminr.  Phyriolnyiml 
Exominnlnw,  \uku»t  12,  MM2. 

?).  TDM  It  131.  .V,  «■  Cnmpnoml*:  WAV.  W#W«,  nml 


07."i 


I IX -I,  Eirhl  Tr»l*  in  lihUmni,  Shill  in  rum/ninmiii  with 
MS,  Nrptr  mlmr  3, 1012. 

80.  TDMIt  433.  TriM.i-eh)ararlhyl)omini :  Prrpnnititm  ami 
Drmnlaminnlion.  Sr|ilrniln“r  3,  MM2. 

81.  TDMIt  438.  Bit(Awhlnmilhyl)i»niimiiylrtminr.  MiMinn 
hthnl  Conrrnlraliim  for  Mirr  (lismiii.  Kfim*nrr):  Skin 
Irrilnnl  Arlinn:  Eyr  Effrrl*,  Srplrinlirt  21,  MM2. 

82.  TDMIt  442.  Bi*iJ-rhlnrnrlhyl)iiiilhylniniiir.  Prrparntimi, 
Drmntaminatian,  anti  Stability,  St>|itrmlirr  28,  MM2. 

83.  TDMIt  438.  XrirCnmimnnil*.  Thr  Pnpamtinn  of  lli*{-!- 
rhtomrthyl )i*npmpylnmiiir,  Drlnlipr  23,  MM2. 

84.  TDMIt  404.  Bi*{S-Chlnmi1kyl)mrlhylnmiiir:  Companml 
1 1  AT:  MuMartl:  Cnmpnmlirr  Eyt-arUon  on  Giiiinn  Piy*, 
Xnvrmlirr4,  1042. 

R».  TDMIt  321.  Trirlhylnminr,  J,J‘-tlirhlom -.  IA\,  for  Mirr, 
to  Min.  Erimmirr:  Motion  IMrrlnbtr  Cntirnttmlnin; 
\‘r*imnt  Arlinn:  Prorlmlitm  nf  Imprryinilul  Cloth;  Eyr 
Effrrl*,  Drfprnlirr  20,  MM2. 

80.  TDMIt  337.  XnrCnmimiinil*.  Mount  inn  Tr*l»  no  Chlnr- 
Alkyl  Aminr*  Cnmparnl  with  HS,  M-l  nml  ED,  Jmiimry 
20.  1043. 

87.  TDMIt  332.  I^f-Dirhlnrolrirlhyln  mi  nr,  Frlminry  4, 
MM3. 

88.  TDMIt  337.  i.P-Dirh tomlrirlhylnmi nr.  Effrtiirrnr **  a* 
an  Airplane  Spray,  Fplmuiry  0,  MM3. 

80.  TDMIt  3IM.  4,A'-ihrhlomlririhylaminr.  Effrrl  item**  in 
Erplo*it*‘  Monition*,  Mnrrli  18,  MM3. 

00.  TDMIt  013.  Mnlian  Drlrrlablr  Cnmrnlmlinn*  hy  Ihlnr 
of  Plant  Hon  Mnutanl,  Plant  Hon  hwiailr,  nml  Pilot 
Plnnl  Ethyl  Xitmgrn  Monlanl,  April  10,  MM3. 

01.  TDMIt  030.  Xilmyrn  Mnulnrtl*.  Cnmpnmlirr  \'r*imnl 
Arlinn  anti  CInth  Prnrimlian,  Mn.v  28,  MM3. 

02.  TDMIt  003.  Drrrlnpmrnl  nf  Mannfnrhiriny  Prnrr**  fnr 
J,J',J’‘lrirhlomlriHhytnminr.  lnrr*Uynlion  nf  Cnmlilitmu 
for  Impmring  Prnrr M,  Mnv  20,  MM3. 

!M.  TDMIt  072.  irt-Dirhlnmlrirfhytaminr.  Effrrl  nf  tmrhr- 
ntnmy  nn  rnhbil *  rxptmrti  to  hiyh  mnrrnlmlinn*,  Jump  14, 
MM3. 

04.  TDMIt  081.  Thickrning  nf  Xilmyrn  MatlnrA*.  Thirkrn - 
iny  nf  Mixlurr*  nf  IjrrinMrin  IIS  nml  Xilmyrn  Moulnnl*. 
Thirkrniny  rf  CnnatUnn  HT. 

03.  TDMIt  083.  Pilot  I'lnnl  Drrrlnpmrnl  of  a  Pmrr**  fnr  Ihr 
Mnnufarlnrr  of  IIX-I,  July  I,  MM3. 

00.  TDMIt  080.  PiM-i>lnnl  Prmlnrlion  of  WAV,  July  17, 
MM3. 

07.  TDMIt  700.  Thr  Maniifntiorr  of  J^-Dirhlorotrirthyl- 
nminr  (lobtonlory  inrr*liynliim),  July  13,  MMH. 

08.  TDMII  700.  Thr  Mnnnfminrr  nf  A,t‘'Do hlornlrii IhyU 
aminr.  Effrrl  nf  Qiitilily  nf  i!,A‘-l)ihipirnxyi,  irlhylnmint , 
July  20.  MM3. 

00.  TDMIt  783.  Monitfarliirr  nf  //,V*f,  Pilnl  Plnnl  Dinln/ • 
mml,  t'Vlininry  4,  MMI. 

HOT.  TDMIt  MKtl.  Corrminn  hy  \‘t*imnl*:  Hair  of  Cnrmm'nn  tf 
Stnl  anrl  IHhrr  Mrlnl*  hy  //,  HQ,  IIX.I,  IIXl,  nml 
Marty  al  ICC  C,  April  2,  1013. 

Mil.  TltMl  18.  /.,  IIX-I,  II  ami  HQ.  Effrrl-  nf  0.1  my.  Drill  « 
on  Eyt*  <tf  Hakhit*,  Oonitpr'JII,  MM3. 

102.  Tltl.lt  28.  Mitlian  DrlrrlnNr  Cnnrrnlmhnn*  hy  Ihlnr  it 
Yortinmnliriillnl  If,  Thiialtylyml  ft,  nml  Slrnmnlmlillnl 

II,  April  12,  MM4. 


HixHirr 
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RIRI.IOKRAI'IIY 


1(0.  42ml  Cliemienl  t.nlmmlory  Cnfn|mny.  Hrprni  So.  .*), 

Mnrrh  H,  IWH 

|(M.  Mrillenl  INvWon  Informal  Monthly  Protpewi  lle|airln. 
a.  Novemlier  I1M4. 

It.  Fehrunry  I  IMS 
e.  Mnrrh  IMS. 

<1.  April  IMS. 
e.  Hoptemlirr  IMS. 

105.  Mrdinil  Kiwnrrh  IjilHinitory  (Kil*ewi**l  Arwrnnl).  Inf. 
Month.  I’m*.  Kppt.  ihileil  June  IS,  1044. 

100,  ('outrun  W-4|W)S7*(  AVH-23,  t'lilvewlly  of  Chlcn*o 
Toxicity  Ijilmrntory.  Inf.  Month.  Pro*.  Kept'*,  on 
Toxicity  and  Irritancy  of  Chemical  Agent*. 
n.  No.  NX  2,  May  IS,  IMS. 
h.  No.  NX  4.  July  IS,  IMS. 
p.  Nn.  NX  0,  Nrptrmiirr  IS,  IMS. 

107.  Jnrmnn,  (I.  N.  Report  af  Vinit  la  Porton,  March  IP,  /«(.( 
Concerning  HR  Chemical  Shell,  A|iril  4,  1M& 

I07n.  Memo  from  Hnchnoll  Mobile  Field  l‘nit  of  tin*  DtiRwity 
Proving  (irooinl  to  Chief,  Medlen!  IlivWon,  OC-CWS, 
llr/mii  an  Murtitnl  Vapor  Catuallir*  Occurring  a I  fli.nA* 
ndt,  Florida,  April  JO,  /.'»»,  June  0,  IM4. 


r SITED  STATES  SAVY  REPORTS 
Sami  Renrarrh  laboratory 

KIR,  NRI.  Report  No.  P-23R4.  A  Cantmllnl  Imhnratorg  Er~ 
prrimrut  to  Compart  l*r*um*  Remit  ing  From  Application 
of  Mordant,  Mwi*itr,  and  Nitrogen  Mordant*  In  the  Sk'a 
of  the  Forearm*  of  Unman*,  Hepletlllier  I,  1044. 

100.  NRI.  Report  No.  P-24M.  Chamhrr  Tent*  with  Roman 
Subject*.  I*.  Arm  Chamber  Exiuuuirr*  lo  II N  Vapor*, 
Mnreh  I04S. 

110.  NRI.  Report  No.  P-2S70.  Chamhrr  Tent*  irilh  Human 
Subject*.  IX.  Ba*ir  Tert*  with  H  Vapor,  Altjpiet  14, 1045. 

111.  NRI.  Rp|mrt  No.  P-2734.  Chambrr  Tret*  with  Human 
Subject*.  X  VI II.  Tent*  irilh  II X  Vaiuir*,  January  0,  I M0. 


r SITED  STATES- VSITED  KISGDOM 
li REPORTS 

Project  Cinrnlinali-oi  Staff  ( Ettgrinnnl  Arnrnal) 

1 12.  P(H  Kept.  No.  7.  Statu*  Summaig  an  the  Hrlaticr  Value* 
of  II,  11X1,  and  II AM  a*  Hnmb  Filling*,  Depemlrr  7, 
IM4. 

IIS.  PCH  Kept.  No.  II.  Hi *11  mi  of  Hrcrnl  Kmurtnlgr  on  Ihr 
Technical  A*pnt*  of  Chemical  Warfare  in  the  Field, 
May  17.  IMS. 


BRITISH  REPORTS 

Chemical  Di  frnrr  Experimental  Station,  Parian 

114.  Porton  Memorandum  No.  IS.  Cta**ified  MM  of  C,ua- 
pnund*  Kramnud  Phy*itdagiratly  Since  l!ll!t,  Oeloltrr 
loll,  nml  .1  Idiudnm  I,  June  4.  IMS. 

115.  I'orlim  MennifniHluiu  No.  22.  Cuoipriheneirr  Hi  part  on 
S,  Mnrrh  S.  IMS. 


Porton  Memormnhim  No.  21.  Thi  Vnyuriit*  and  (Ml’. 
Potential  Hie* of  T,  litu ( KH-IU,  TI..ISH),  April  21,  IMS. 
PortiHi  Memormnlnni  No.  2H.  Milhatl*  nj  Ikrnntamina - 
lion,  April  IS,  IM4. 

Porton  Mentonouliiiii  No.  30.  II. Wl  a*  a  C.ll'.  Agint, 
Novemlier  R,  IM4. 

I'orlim  Re|mrt  No.  2207.  Effcrl  of  Muntanl  Vapour  on 
Human  Eye*,  Novemlier  21,  IMI. 

Porton  Re|mrt  No.  2350.  The  Chimielrg  of  Mcthy'  Hi*- 
{ p-ChlonnlhglhAminr  (".S'")  and  Helnlnl  Coin  pound*, 
April  0,  I  M2. 

Porton  Re|mrt  No.  237M.  Pathological  Change*  in  Ani¬ 
mal*  RtiuuucI  In  S  Va/mur,  July  0,  IM2. 

Porton  Rr|mrt  No.  23H4.  The  ChrmiMry  of  S  and  Hrlatnl 
Compound*.  Pari  II.  A  Preliminary  Study  of  Ihr  Action 
of  Water  on  .S',  June  IM2. 

Porton  Rp|mrt  2402.  On  Ihr  Art  ion  of  S  on  the  Rye;  It*  ^ 
Com  pari  mm  with  All  in!  Compound*,  and  irilh  H,  All* 

IP  let  7,  IM2. 

Porton  lte|iort  No.  2414.  T.I7IIJ.  Pnimmlion  and  ani¬ 
mation,  AiirimH  31,  IM2. 

I’orlim  Report  No.  24IS.  Thr  ChrmiMry  ofS  and  Hrlatnl 
Compauad*.  Part  IV.  The  Synthrei*  of  Ihr  Slrnniimmrrir 
Form*  of  S  Dimer  and  S  Chlnrhyitrin  Dimer,  Kepletn- 
herO,  IM2. 

Porton  Rp|mrt  No.  2410.  ThrCin  mirtry  of  S  and  Rrlnlnl 
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Hrtatnl  CnmpilUoilt,  l»v  M.  H.  Klmmxrh,  I'nlvcmlt.v  of 
(’lilmyo,  April  I,  IMS.  IMv.  0-213. 14-MA 

OHIII)  I32H.  Tntir  Kfrrtt  nf  Variant  Aniar  Ikriratirrt 
1 1’.  Tntir  Kfireit  nf  Crrinin  S ilmphrnylHirhlamnninrt, 
by  K.  M.  K.  (Iclliii*  mmI  K.  (’.  Melx-nn,  I'nivrmity  of 
Chimyo,  April  I  V  IMS.  IMv.  0-3I3.I-MA 

OHIII)  IS7K  far  nf  fVndr  Wkilr  Anrnir  in  Pmrnt 
Chrmirnl  Warfnrr  Srrrirr  Anrnir  Trirhloriitr  Prnrrm,  l*v 
J.  (*.  Wood  hoi  mo,  K.  I.  do  Pont  dr  Nctmnim  nnd  Com* 
l»ny,  May  A,  I  M3.  IMv.  0-2 1 3.2 1 -Ml 

OHIII)  I  SMI.  Anrnir  Trirhloriiir,  Laboratory  Stoiiy  nf 
Mannfacturr  by  thr  I  'nr  nf  Hytiroyra  Chlariiir,  liy  J.  (*. 
Wood  honor,  K.  I.  du  Pont  ilr  Nrmoum  nnd  Compntiy, 
Mny  10, 1  M3.  IMv.  0-2I3.2I-M2 

(Mill)  1300.  Prmrifir*  Soitablr  for  tbr  Trmtmmt  nf  M-t 
Burnt,  liy  M.  8.  Khnrnnph  nml  8.  Wrinhoonr,  I'nivrmity 
of  Chimyo,  Mny  17,  IMS.  IMv.  0-AI3-M3 

OHIII)  1444.  iMrrminatina  nf  MS,  M-t  and  Othrr  drum 
in  Air, at  a  Hirtamr  from  thr  Oprratnr,\iy  J.  II.  Northrop, 
llorkrfrtlrr  Inntilutr  for  Mrdiml  Hmrnrch,  Mny  20, 
IMS.  IMv.  1M22.H-MO 

OHIII)  IAID.  Brhnrinr  nf  Chrmirnl  Ayrott  M-t,  IIS,  MS 
and  PS  niton  Stomp  in  Contort  with  Maori  Mrtat,  hy 
J.  V.  Wood  hoi  mr,  K.  I.  du  Pont  <Ip  Nmtotirx  nnd  Com* 
puny,  Junr  24,  IM3.  IMv.  0-2V4-M6 

OHIII)  IMS.  Pminrtian  nf  M-l  hy  thr  Mrrrnrir  Chlariiir 
Promt,  Amlrmlinn  nf  Hair  nf  A  hmrptiaa  amt  M-t 
PmtmUno  hy  Mrtnllir  Chlnriitr  f'afatyda,  hy  P.  I).  Hurt* 
Irtt,  II.  J.  Ihuilim,  nnd  I..  J.  Hmrn,  Harvard  I'nivrmitv, 
July  10.  IMS.  IMv.  0-2I3.II.M 1 1 

OHIO)  I  AM.  Thr  Prrpnmtinn  nf  Kthyt  liirhtnrmninr  on 
a  Pilot  Plant  Srnlr,  hy  Jnrkmm  Ijilxtmlory,  K.  I.  du  Pont 
ilr  NruKHin*  mid  Coiinmuy.  July  10,  1043. 

IMv.  0-213.14-Mfi 

OHIII)  1 7.12.  far  nf  Crmir  Whitr  Anrnir  in  Pmmt 
Chrmirnl  Warfarr  Srrrirr  T rirh'nrirlr  Prnrrm,  hy  Onto* 
-•  ?5I  Chrnilruln  I  Intent,  K.  I.  du  Pont  ilr  Nrtmuim 
nml  Compnny,  HrplrniU-r  to,  IMS.  IMv.  0-213.21-MI 
OHIII)  1707.  itrgnnir  Anrnimlt,  liy  H.  Hamilton, 
I'nivrmity  of  Nchm»kn,  Srplrniln-r  25,  IMS, 

IMv.  0-213-MA 

OHIII)  1011.  Ihlirminnlinn  nf  thr  lUntfiliutinn  if  II  nml  I, 
in  Shin  nml  K’ir  Timm  hy  Hmtio-A iitnyrnphir  1  ,-rh- 
oionr «,  hy  .1.  Hamilton,  I'nivrmitv  of  California, 
Ortotn-r  23,  IMS.  IMv.  0-3H2-M2 

OHIII)  3112.  Autnmntir  Titrnlnr  for  Ihr  IMrrminatina  nf 
It,  I,  noil  Other  dam  in  .4  ir,  liy  .1.  II.  Northrop,  llockt*- 
frllrr  ItHitiltr  for  Mrdiml  lliumrrh,  January  17,  IM4. 

IMv.  0-4I3.I-M2 

OHIII)  336A.  Thr  Mrrhanitm  of  Ihr  Formation  if  ifointr 
ill  thr  Mrrrnrir  Chlnriitr  Pmrrim,  hy  P,  I).  Harriott,  J. 
IhuiU-u,  Jr.,  I,.  J.  IIimcii,  and  H.  I).  Him.*,  llarvnttl  I'ni¬ 
vrmity,  Marrh  2*.  IM4.  IMv.  0-213.1  l-M  12 

OHIII)  33117.  far  nf  Crmtr  ll'Adr  .4rarn»>  in  a  Chrmirnl 
Wnrtnn  Sr  ■  rirr  .1  rtrnir  T rirhlnriilr  Plant,  l»y  J.  C,  Wood* 


honor,  K.  I.  dii  Pimt  ilr  Ncrnoum  nml  Compnny, 
Marrh  20, 1044.  IMv.  0-2l3.2l.M3 

63.  OHIII)  3366.  Tntt  if  Chtoranmiitr-Canlainiatf  Ointmrnt a 
for  Pmtaiiim  nml  Drmntnminntinn  if  llnmnn  Skin 
attaint!  Vnimnlt,  hy  J.  Hnvlt,  J.  F.  Tlmmmn,  K.  I  Soldo* 
wnnxcr,  P.  Drllniyn,  W.  Ilhnim,  K.  M.  K.  (Scllitiy,  t'lil- 
vrmll.v  of  Chimyo,  April  6,  1044.  Div.  IMI I-M2 

64.  OHIII)  342H.  Syathrtit  if  Orynnir  Anrnimlt  from  fn* 
tnloralnt  Cnmimiinitt,  hy  W.  A.  Ixixicr  mill  H.  I..  Hrotl, 
K.  I.  du  Pont  ilr  Nrmoum  nnd  (’timpany,  Jutv  13, 1044. 

IMv.  1W2I3-M7 

63.  OHIII)  3301.  Trait  far  Ikmntaminatinn  rf  Lrwitilr  on 
Homan  Skin,  hy  J.  K.  Thottmon,  K.  Oolihwitmcr,  J. 
Hnvlt,  K.  M.  K.  (Sell  In*.  It.  K.  (‘nnnnn,  mid  W.  lilomi, 
I'nivrmity  of  Chimyo,  April  2H,  IM4.  IMv.  1M23-M2 

06.  OHIII)  3042.  Prolrrlitr  CMhn:  I.  Irritancy  of  Vapor- 
Conlaminalnt  Sampln  on  IlHman  Skin:  II.  Prntimlion 
of  t'apnr  and  /dynid  Vnimnlt,  hy  J.  Hnvlt,  K.  Oolila* 
unMM-r,  J.  F.  Thomxon,  and  II.  H.  Merrill,  I'nivrmity  of 
fhtmipi  Toxicity  latlnimiorv,  Anyuat  30,  1044. 

IMv.  IKV40-MI 

67.  OHIII)  4a*it.  Stir  naira,  hy  t*.  I).  Hunt,  Northuvnlrm 
I'nivrmity,  AURunt  22,  1044.  Div.  0*2I4*MI 

6H.  OHIII)  4176.  Slat  at  Hrport  on  Toririly  ami  Vnimnl  Trait 
of  Campoomh  lirfrrmi  la  Ihr  f  'nmnily  if  Chhrayn  Torir- 
ity  Laboratory,  liy  K.  M.  K.  Oriliny,  II.  K.  Cnnnan,  W. 
Hbaim,  nnd  II.  I),  Youny,  I'nlvrmltv  of  Chtmun,  Or* 
tohrr  3,  1044.  IMv.  0-300-M4 

60.  OHIII)  4103.  Thr  ChrmiMry  of  Crrinin  Anraiml  Chrmirnl 
Warfnrr  A  prat t  at  Wain  Coalamiaaalt,  hv  A.  M.  Hun- 
wrll.  C.  t\  Pricr,  II.  M.  Ilolirrta.  V.  W.  Smith,  nml  li.  II. 
Vrlnm,  I’nivrmity  of  lllinoK  Junr  36,  1044. 

IMv.  0*2I3*M6 

70.  OHIII)  4273.  A  Summary  of  Ihr  Vapor  Ptrttnrrt  and 

IVNWfiVa  of  Componmin  SluiUrd  at  thr  Vnirrnily  of 
Chiraya  Toririly  Laboratory,  hy  V,  K.  Itrdrmnnn,  J. 
Hnvlt,  O.  J.  Itotnriu,  nml  II.  I).  Frartny,  I  mvrmity  of 
l  'hlrnyu,  Sovmlrr  4,  !M4.  IMv.  0-200-MH 

71.  OHIII)  4310.  Autnmntir  Tit  rotor  fnr  thr  iMrrminatian  if 
H,  L  amt  Othrr  Gam  in  Air.  Siipptrmml  f  i,  hy  J.  II. 
Northrop  nnd  J.  F.Orttrmnna,  llorkrfrllrr  Inalltlltr  for 
Mmliml  Itmrnrrh,  Ortolirr  31,  1044.  Div.  D-422.H-MI2 

72.  OHIII)  4311.  Iktrminnlion  if  IIS,  M-l  amt  Othrr  (iatrt 
in  Air  at  a  IHttnnrr  from  Ihr  Oprmlar.  Sopfilrmrnl  12, 
hy  J.  II.  Northrop  nnd  J.  F.  (Srllrmnna,  Hnrkrfrllrr 
Inxlitulr  for  Mmliml  Itcararrli,  Ortolirr  31,  1014. 

Div.  IM22.H-MI3 

73.  OHIII)  4.VCI,  Oryanir  Anmimln  nml  Othrr  Tntir  Ayt nit, 

hy  (\  H.  Hamilton,  K.  J.  fniynr,  II.  J.  Aliilrin,  It.  F. 
Culm,  and  II.  Kl|n*m,  I'nivrmity  of  Nrlimaka,  Jatiii* 
ary  I,  IMA.  '  Div.  0-2I0-M4 

74.  OHIII)  4 AHA.  A  Snr  Chamhrr  for  Ihr  IMrrminntmn  of 
Toxiritirt  by  Total,  Bitty  nr  limit  E/ittmrr,  hy  II.  H. 
Merrill,  II.  (!.  (Haw,  K.  M.  K.  (Sriliny,  W.  Hlooin,  and 
II.  K.  Caiman,  t'nivrrsitv  of  Cliirnyo,  January  17,  IMA. 

Div.  0-372-MA 

7A.  OHIII)  4HA4.  A  Smrrh  for  Ikmntaminuliny  amt  Trial - 
mrnl  Ayrntt  fnr  Skin  Er/mti-il  to  Mnntanl  dot,  If,  hy 
P.  I).  MrMnatr-r,  O.  II,  lloyrlnnHii,  nml  M.  H.  Hulr- 
tn-ryrr,  llm-kcfrllrr  Itmlitiilr  for  Mmliml  Ihm-arrh, 
Marrh  24.  IMA.  Div.  thA22.t2*.M2l 
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ft.  OHRt)  48N0.  Pilot  Plant  for  Atomic  Trichloride  Vting 
Hydrogen  Chloride  Proem,  by  J.  C.  Woodhotmc,  O.  I„ 
Thomne,  him!  I..  A.  Mvcm,  K.  I.  du  Pont  de  Nemoum 
and  Company,  April  I,  IMS.  INv.  0-2I3.2I-M4 

77.  Will)  Stmt).  The  Kfirri  of  Flo*  Hair  on  thr  Toricilicn  of 
II,  Q,  HX-t,  HX-t  and  I.  by  Inhalation,  by  Total  J?x- 
pnturr  ami  by  liady  Rrpatnrr,  by  K.  P.  DtlMtib,  J.  O. 
Ilntchfna,  K.  M.  K.  Ceil  in*.  nml  It.  K.  ('nmwn,  I'nl- 
vemily  id  4*hifn*o,  A|tril  2*.  IMA.  IXv.  04H0-M  I 
ft.  (JHIID  S032.  A  Formal  Aaalyoin  of  thr  Arliaa  of  Liquid 
Vnirant *  on  Bart  Skin,  l*y  A.  I).  bandaM,  W.  Be»mi, 
R.  K.  Canrmn,  and  R.  M.  K.  Collin*,  I'nivemity  rtf 
41iifn*o,  MayS.  JIMS.  IXv.  B-3HO-M2 

7I».  <JHRI>  SUM.  Trait  for  Ynicancy  on  Human  Skin,  by 
J.  Ravil,  K.  fhildawanarr,  K.  M.  K.  Coilin*,  and  H.  K. 
Cannnn,  I'nivemity  *tf  Chira*o,  Juno  l(  IMS. 

IXv.  04XWVM3 

80.  OHRD  A305.  Supplement  toOSRD  it  ft,  Statin  Report  on 

Toxicity  ami  Yetieant  Tetlt  of  Compoundt  Rrferml  In  thr 
t ' niter* it y  if  Chicago  laboratory,  by  W.  Hloom.  R.  K. 
Cannnn,  and  K.  M.  K.  Coilin*,  I'nivemity  if  Chiea*n, 
July  4,  I  IMS.  IXv.  ikmrvMs 

81.  OHR!)  SMI.  Vapor  Phone  Synthrnin  of  hncitilr,  by  W.  A. 
laiirr,  P.  L  Hnixlao*,  and  H.  I*.  Rrott,  K.  I.  du  Punt  do 
Netwaim  and  Cttmpnny,  Wept  ember  7,  IMS. 

IXv.  0-213.1141113 


OSRD  INFORMAL  REPORTS 

82.  Contract  NIXYr-132,  I'nivemity  of  ChienR»(  I'nivemity 

uf  Chiia*»  Tiwloily  fahomtorv).  Inf,  Month.  Pro*. 
Repta.  IXv.  0-I2.VM2 

a.  No.  1,  Felimnry 10,  IMS. 

b.  No.  3,  A|tril  10, 1  M3, 
o  No  4,  Mav  10,  IMS. 

d.  No.  A,  Juno  10,  I  M3, 

o.  No.  II,  July  10,  IMS. 

f.  No.  7,  Au*u»t  10,  IM3. 

*.  No.  8,  Heptemla-r  10,  IM3. 

h.  No.  «,  <X*tober  10,  IMS. 

I.  No.  10,  Novmilior  10,  1043. 

J.  No.  II.  Deeemlier  10.  1043. 

k.  No.  12,  .Mhuit  10,  IM4. 

l.  No.  IS.  April  10,  1044. 

m.  No.  Iff,  May  10, 1044. 

n.  No.  17,  Junr  10,  1044. 

o.  No.  30,  Srjrtnnilirr  10,  1044. 

p.  No.  22,  Ninvmtirr  10,  1044. 

83.  Contract  NlK'ir-ltlft,  llnrvnnl  I'nivemity,  A.  R. 

Moritx  ami  K.  C.  Ilenriqura,  Jr.  Inf.  Month.  Pm*. 
Unite.  IXv.  0-312. 13-M4 

a.  Rept.  (NI)HC  114-4')  of  AtlRUet  Iff,  1042. 

Ii.  Iln*t.  (NDIIC  144-4')  of  October  17.  IM2. 

c.  Rept.  (NI)IU’  144-4')  of  November  10,  IMS. 
tl.  Ilept.  (NDIIC  144-4')  of  Deeemlier  10,  IM2. 

84.  4'ontraet  Ol: Mar-07,  Iowa  State  4'olle*e,  llenry 
4!ilumn.  Inf.  Month.  Pm*.  Repta.  IXv.  0-122-Ml 

IXv.  0-I22-M2 
Div.  0-122-M3 

a.  IVcrnilior  1011. 
b  February  1012. 


e.  April  IM2. 

d.  Au*uet  IM2. 

e.  Heptemlrr  IM2. 

f.  Oetolier  tM2. 

*.  Novemlier  IM2. 

h.  Fclmmry  IM3. 

i.  May  I  M3. 

j.  June  1043. 

k.  July  IIM3. 

l.  AtiRuat  IM3. 

m.  Hrptcmlier  I1M3. 

n.  Oetolier  IM3. 

o.  Novemlier  IM3. 

p.  Deeemlier  IM3. 

q.  January  I1M4. 

r.  FHminry  1044. 
a.  Mnreh  IM4 

t.  Reptemlier  1044, 

u.  Oetolier  IM4. 

v.  Novemlier  1044, 

8A.  Contract  OKMar-123,  W.tahluRton  I’niverally,'  C.  FT 
CoH.  Inf.  Month.  Pm*.  Rept.  (NI)RC  R4-C),  Jimu- 
ary  «,  IM2. 

80.  Contmet  OKMer-304,  I'nivemity  nf  ChienRo,  M.  8. 
F ha roach.  Inf.  Month.  Pri*.  Refit,  dated  Ortiilier  IM3. 

IXv.  P-235-M0 

87.  Contmet  OKMar-YiO,  New  York  I'nivemity,  II.  W. 

Smith.  Inf.  Month.  Pm*.  Refit.  NDIIC  031:1  No.  II, 
Deeemlier  10,  IMS.  IXv.  0-K10-MI 

88.  Contract  OKMemr-O.  I'nivemity  of  Prnnaylvania,  K.  II. 
Adler. 

a.  No.  20. 

Ii.  No.  21,  January  28,  1043. 

c.  No.  27,  April  2,  IM3. 

tl.  No.  33.  September  27.  IMS. 
e.  No.  42,  A|iril  28. 11U4. 

80.  Contmet  OKMemr-24,  Wllmer  Inalllute,  Johna  llopklna 
Ihwpital,  A.  4’.  Wtaala  and  J.  8.  Friedcnwnld. 
a.  No.  10(7),  June  V>,  1042. 

It.  No.  17,  Aimuat  14,  IM2. 
e.  No.  IN,  Annual  IN,  IMS. 

d.  No.  10,  Rrfiteinlicr  I,  I  M2. 

e.  No.  20.  Urremlirr  4,  IM2. 

f.  No.  31.  March  10,  I  M3. 

*.  No.  33,  May  4,  IMS. 

h.  No.  4fl,  Deeemlier  IS,  IM3  Div.  1WH4-M3 

00.  Contract  OKMrmr-30,  Yale  I'nivemity,  llenry  Dunlin* 
ami  M.  4*.  Wintemit*. 

a.  No.  S,  Oetol»»r  20,  IM3. 

b.  No.  0,  Oetolier  20,  f  MS. 
e.  No.  0,  May  10,  IM4. 

tl.  No.  10,  May  10,  1044. 

01.  Contract  OKMemr-37,  I'nivemity  of  ChienRo,  K.  S.  C. 
Darmn.  lXv.0-32l.2-Ml 

a.  Rejairt  ilntrtl  April  X,  1042. 

b.  Refairt  tinted  Srptemb'f  18,  1012. 

02.  Contract  OK.Vcmr-82,  .Mum  Ilopkiii-  I'nivemity, 
Maurice  Sullivan,  l|e|airt  No.  7.  tinted  Nomilla’r  23, 

I  M2. 

03.  4'iaitmet  OKMcmr-Off,  Memorial  f frcftittil.  New  Yori, 


SECRET 


*lii«U|jJ,|HLU'L 


mmmmt  HiuijmiiuwJWliM 


BIBI.IOCR  4PHY 


City,  V.  P.  lthoada.  I'ndnledfrport  emitted  "Tlic  Tittle 
Kffret*  of  Amine  in  Vivo  and  in  VIlM,  Their  Prevention 
•ml  Tirnttnent."  I)iv.  9-323-MI 

94.  Omlmet  OHMemr-108,  Cornell  I'nlvemity  Medirnt 

CoHene,  l>.  P.  Harr  nml  XI.  H.  HnWiefKPr. 

n.  itiiMWi  <4  April  20,  I  (M2.  IXv.  0-315-Mt 

It.  No.  B-22,  April  15,  1044. 

e.  N<i.  11-20,  June  20,  1(44.  Div.  9-302-M3 

<1.  No.  li-28,  July  31,  l(M4. 

95.  Conlnirt  OKMrtnr-141,  llnrvard  Cniverrity  Medical 

Srhool,  |).  (S.  Conan.  Kepotl  No.  22,  liatrd  January  7, 
KM  t.  Div.  04182-MI 

90.  Contract  OKMrtnr-245,  Cornell  I 'nl  vend tv  Medical 

Culktr,  MeK«*eu  Cntli'11.  Hrjmrt  No.  8,  tinted  Ki4 mi¬ 
ll  rv  7,  HM4. 

97.  Contract  ORMemr-233,  Johmi  Hopkina  I'niveraitv. 

XV.  T.  Iam«n>pr. 

n.  No.  I,  Rcimtary  1,  KM3. 

It.  Knnlc  Hcport  No.  I,  July  1, 1043. 

e.  Knjrie  Hr|imi  No.  2,  Octoher  18,  KM3. 

il.  I- jink*  Kc|Niri  No.  3,  Jnminry  24,  KM4. 

98.  Contrart  OHMrmr-M-833,  Memorial  lliwnilnl.  New 
York  City,  P.  Klmmla.  (Ijtlrr,  Contract  OKMrmr-(Kl) 

a.  Hcport  dated  A|irit  13,  l(M2. 

!>.  Report  dated  April  23,  l(M2. 

e.  No.  A,  Annual  31,  l!M2. 

il.  No.  7,  Srplemlicr  30,  KM2. 

c.  No.  9,  Nuvemlier  30,  11M2. 

f.  No.  10,  January  31,  MM3.  Div.  9-523-MI 

g.  No.  It,  Match  31, 1  (M3, 

mSCRIJ.ANKOrS 

•9.  Collection  nf  Paper*  an  Chemical  I Carfare,  rdilrd  l»y 
Ri«rr  Vila  mu,  Joseph  Dre,  ami  W.  Pierce,  Annual  I, 
MM4.  IV.  The  Important  Pmidrnt  nml  Hno-Prr*i*trnl 
War  On art,  l»y  Homer  W.  Smith  nml  Joltn  A.  £n|ip. 

100.  IbH.  —  I.  Thr  flan  W.  <\  Piem>. 

101.  ('ontraet  OKMar-97,  lima  State  CoOcrc,  llenry  Gilman. 
('orrm|aMHlpner  ilatnl: 

a.  Mareh  2,  MM2. 

Ii.  June  It,  MM2. 

r.  Annual  4,  MM2. 

d.  Nuvemlier  2,  MM2. 

102.  ("ontrnet  OKAfar-300. 1'niveraity  of  Illinois,  II.  (".  Ru*hi. 
Correxjjomlrnee  ilnteil  April  28,  MM3. 

103.  ('ontraet  OK.Mar-.KM,  I'nivemity  of  Chicago,  M.  8. 
Khnrnarli.  Citmwiamilenrf  dated: 

a.  Annual  14,  MM2. 

Ii.  Keptenilier  15,  MM2. 


V XITEI)  STATES  ARMY  REPORTS 
Chemical  Warfare  Srreirr 

MM.  RAC'D  92.  Rrpmt  an  Relation  hrhrrrn  Concentration  anil 
Limit  nf  T oh  ranee  far  Di/dirn  yta  m  inert,  tarn  mi  Hr  ami  thr 
Itmlnpmrnt  af  a  (Wniwwi  Hmr  .4  ppnratu*  far  Trufiny, 
January  23,  1922. 

105.  K.W  II  179.  Pnpnrattnn  nf  Allytdirhtarnninr,  June  12, 
1922 


;  KACD239.  Thr  Laboratory  Drrrlopmrnt  if  a  Method  for 
thr  Many  fart  nrr  if  M-t,  Jntmary  A,  1923. 

.  KACI)  237.  Prrpnmtiou  of  Diphroylnminr  Cyonartinr, 
Mareh  Ml,  1923. 

.  Suindement  to  KA(*I>  237.  Prrfiaratinn  nf  Diphrnytaminr 
Cyananinr,  April  21,  1928. 

.  RAC'D  273.  Preparation  af  Phrnytdiltimrar*inr,  July  20, 
1923. 

.  RAC'D  323.  Preparation  of  Dirhtomruanthrrnr,  Septem- 
her  18,  1924. 

,  RAC'D  331.  Preparation  of  (M'hlorrthyl  Dirhlomrrinr, 
Relmtary  3,  1923. 

,  RAC'D 338.  Prritnmlioa  if  Ethyl  Dijhmmroior,  Mnrrh  31, 
1923. 

,  RAC’D  340.  Preparation  of  /td'hlnrrinyt  Dittunrar*inr, 
Mnrrh  4,  1923. 

,  RAC'D  440.  Attrmfilnl  Perforation  if  ThimbimKthyldi - 
rhlnrnrtinr,  Drremhrr  7,  1927. 

,  RAMIll)  8  (Pin.  I  k  2).  Thr  Toxicity,  Pathology,  Chrm - 
ittry,  Mailr  of  Action,  Prnrlratinn  ami  Treatment  for  M-t 
ami  Itn  Mixture*  frith  Arm-air  Trirhlariilr,  Annual  13, 
1923. 

,  RAMltD  20.  Toxicity  if  Certain  Com  pan  ml*  on  Mier  hy 
Inhalation  nml  Snbrotanmu*  Injection.  Vnieanl  .and 
Lachrymatory  Action  on  Man,  April  30,  1924. 

RAMltD  30.  Thr  Toxicity  if  Certain  Arm-niml  Plnnriilr*, 
Mareh  I,  1925. 

RAM  III)  91.  Kfrrl  of  Humidity  on  the  Vnieanl  Action 
if  MnMard  Gan,  M-t,  Mcthyldirhloraninr  and  Methyl- 
ilijlnoraninr,  June  23,  1928. 

RATH  78.  Conrtnnt*  and  Phyninlngiral  Action  if  Chrmi- 
rnl  Warfare  Ayrat*,  July  19,  1932. 

RATH  107.  Thr  RffrH  af  Hyperenlrrmir  Ayrat*  upon 
Pulmonary  ltdnoa  Induced  by  l*hangrnr,  Hrptrmlirr  20, 
1982. 

RATH  109.  Manor  Toxicity  Data  from  January  f,  IMA 
In  Xnrrmbrr  I,  I  It. ft)  (Summary  nod  Supple*  ml  I),  Re*  Hil¬ 
ary  I,  1941. 

RATH  214.  Lnritilr  (M-l),  I  ft  fit  Summary  if  Data, 
Annual  21,  1940. 

RATH  230.  DM,  Manufacture  if  U),7tK)  Ub.,  Mareh  8, 
1937. 

RATH  283.  lxori*itr(M-t):  MW  Summary  of  Phy*iolngir 
and  Taxicalnyir  Data,  Mareh  13,  1911. 

RATH  293.  A  nine  it*  a  Potential  Ckrmirnl  Warfare 
Agent,  Summary  of  Arailahlr  Data,  January  31,  1939. 
RATH  320.  Mixture  of  M udanl  Gao,  Lnrioitr  aadM  inrral 
Oil  for  Cur  a*  Airplane  Spray,  Relmtary  28,  IlMO. 

RATH  323.  Ethyl  l)ichlomr*iar,  Preliminary  Inrrdiyn- 
Him  {IMft),  Nuvemlier  0,  MM1. 

RATH  333.  Lnri*itr  (M-l):  Thr  Strrmimmrn.  Part  I. 
lonlatiim  and  Idrnliftmliim.  Part  II.  Phyintogir  Action: 
(I)  Median  Lethal  Cimrr,  drat  inn*  for  Mire,  tj )  Skin  Irri¬ 
tant  Kfrrt*  if  thr  Vapor*  on  Man,  and  (.<)  Median  Dr - 
IrrtaNr  Concentration*,  April  23,  KMI. 

R VTK  3T0.  Dirhlorortkytnreinr  (ED).  Part  I,  Prrftnm- 
lion:  Drulrurtion  hy  Rll-ltk’i  and  ('•  ‘-I.  Part  II.  Tnxirity: 
Median  lethal  Caarrnlralum  for  .Hire.  Part  III.  Mrilion 
Drlninhtr  Concentration.  Skin  Irritant  Actum  and  Pene¬ 
tration  if  Imprrynalnl  Cloth,  Annual  28,  MM2. 

RATH  372.  Hutytdichlmnamnr,  Part  I.  Prefmmtinn  nod 


SKC'RET 


•  • 


08  i 


BIBI.HMiHAI'HY 


PmftrHir*.  par!  II.  Mrtlian  Isihal  Content  ration  far  Mice, 

'  HUmin.  Rxpmturr:  Skin  Irritant  Arlion  on  Rabbit*  and 
Pmdratinn  of  Imprrgnalrd  Cltdh*,  June  3,  IIMJ 

131.  KATII  <177.  ( 'nearly)  Chlaridr.  Part  I.  Preparation  ami 
Pmprrtin.  Pari  II.  Median  lethal  Concrnlralion  for 
Mirr,  llt-min.  Rxpoeure:  Skin  Irritant  Arlion  on  Ralbitn; 
Pmriralinn  of  Impregnated  Cloth,  October  17,  MM2. 

132.  MIXKA)  Memonuulum  He|»ort  No.  20.  Pretintinary  Ex¬ 
periment*  tin  Ikr  Toxicity  of  Amine  (A*ll,)  la  Rabbit *  by 
Inhalation,  Jiitmnry  13,  MM2. 

133.  M I X  KA )  Moninfiindum  Re|nirt  No.  43.  The  I  ’nr  of  .1  per- 
rent  Hydrogen  Prmridr  in  the  Fird-aid  Treatment  of 
Liquid  Isneilr  Rome  of  Animat*,  Keltnmrv  IK,  MM2. 

134.  M I H  KA )  Memorandum  Keftort  No.  *0.  Rfrrl  of  t  'rinary 
pH  and  Die!  on  Amine  Poieoning,  July  7,  MM2. 

1.13.  MIXKA)  Memonimliim  Report  No.  *1.  The  I'm  of 
Hyprmt  (t’rra  Hydrogen  Prmridr,  COtRHth'Hfh)  in 
the  Fimt-aid  Treatment  of  Liquid  l/rtti*Hr  Burn*  of  Rain 
hit*.  Muppletnciit  to  MIXKA)  Memomndtim  Report  47, 
July  7.  MM2. 

13*.  MIXKA)  Memommlutn  Report  No.  70.  Taririly  of 
Chlnmaretnphrnnnr  (C  V)  and  of  Rthyldirhlnmaminr  ( Fit ) 
Contaminated  Water  to  Rat*,  Octolier  17,  MM2. 

137  MIXKA)  Memomndtim  Report  No.  82.  Cliniral  and 
laboratory  Reidenrr  of  the  Hon-Tarie  Rfrrl  of  //tn'iifr 
Ymiete  Final  on  the  Skin,  Miirrti  12,  MM3. 

138.  MKIJKA)  28.  The  Themprutir  Rfrrtimnrm  of  HAL  Km 
lotion  again*!  Liquid  PH,  RH  and  A*Cli  in  Rye*  of  Rob, 
bit*.  July  22,  IIM4. 

1.1ft.  TDM  It  2»».  M-l  Promt*  Hrerlopment.  Mrmrir  Chloride 
Catalytic  Promt*.  Common  of  Material*  of  ConMmrtion 
by  Mrrrurir  Chloride  Cato! yd  Solution,  Heptrmlier  3,  MM  I. 

140.  TDMK  31*.  AVtr  Comftnund*.  Preparation  of  Camdyl, 
Novemlter3,  IIMI. 

141.  TDMR  323.  M-l  Pmrr **  Hrerlopment.  Cm  of  Mrrrurir 
Chloride  Catalyd  Solution  in  a  Parked  Toterr  Rmrtnr, 
Novemlmr  12,  MMI. 

142.  TDMR  32*.  M-l  Promt*  Hrerlopment.  Mrrrurir  Chlaridr 
Catalytir  Promt*.  Cor  roe  ion  Rnidanrr  oj  M  ~  rtlnnroii* 
Material  to  Mrrrurir  Chloride  Catalyd  Solution  and 
Crude  M-l,  Noventlier  21,  MMI. 

148.  TDMR  33ft.  M-l  Plant  Hr*ign.  Inerdigalinn  of  Certain 
l*hanm  of  Aluminum  Chloride  Promt*,  J.munry  2*,  MM2. 

144.  TDMR  334.  M-l  Pre  r**  Hrerlopment.  Pilot  Plant  Pro¬ 
duction  of  M-l  by  t;  ,'ontinuou *  Pmrr**  Cring  Mrrrurir 
Chloride  Catalyd,  Mnrrli  B,  MM2. 

143.  TDMR33*.  Xt  *•  Compound*.  PhtptimlCaudanl*  of  Cer¬ 
tain  Organic  Cnni/muml*.  .4  Memorandum  Report, 
June  20,  MM2. 

14*.  TDMR  374.  Median  luthal  Conrrulralion  foe  Mirr  of  a 
Mixture  of  dtp  ",  Mudartl  anti  dtp }  Iwmieitr,  Mny  I*, 
MM2. 

147.  TDMR  37*.  Variation  in  Catalyd  Compmitirm  trith  Re- 
l'»r  in  the  Mrrrurir  Chioridt  Batch  Promt*,  June  I,  MM2. 

148.  TDMR  37ft.  i Sa *  (J)  for  Sony  HR- fin*  Projectile,  prepa¬ 
ration  of  Cnmlyl  in  Rxprrimrntnl  Plant,  Mny  20,  MM2. 

14ft.  TDMR  3X0.  Phrniddirhlonmminr.  Median  Isthal  Con- 
on!  rat  too  fur  Mirr,  Mny  22.  MM2. 

130.  TDMR  383.  (in*  id)  for  Xary  HR  (in*  Pmjrrtilr*.  Pre/Ki- 
ration  of  I'armlyl  hy  Eltilrtdylir  lit  dial  ton  if  Catht'* 
Liquid,  June  It).  MM2. 


131.  TDMR  387.  Candy)  Cyanide.  Mnbar  l.tthal  Court  iitm- 
tionfor  Mirr:  Skin  Irritant  Arlion,  June  2,  MM2. 

132.  TDMR  302.  Cartdyl  Oxide,  Malian  hi  hoi  Concentration 
for  Mire,  10-min,  Rxponure:  Skin  Irritant  Arliim.June  I*. 
MM2. 

133.  TDMR  412.  M-l  Plant,  Pane**  Hrerlopment.  Methmln 
if  Analy*i*  of  Crmlr  lurteidlr  ami  Lnrinitr  Ihd illation 
Fraction*,  July  28,  MM2. 

134.  TDMR  410.  Pntmm  Hrerlopment  if  M-l  Maul,  Hrmoeol 
if  Rmidml  Tar / nun  the  M-l  Conlinuou*  Stripping  Still , 
AufftPt  0,  MM2. 

133.  TDMR  424.  M-l  Plan I  Pmrr**  Hrerlopment.  Inert*,,  n 
if  Immrr  I  la  Irnmrr  i,  A  inrun  I  III,  MM2. 

13*.  TDMR  443.  M-l  Plant  Proem*  Hrerlopment.  R*li mo¬ 
tion  if  Volatile  (Sate*  Himnlred  in  IVw/r  M-l,  Ortolirr  5, 
MM2. 

137.  TDMR  432.  Amyldiehlaemmine  ami  ImuimyldirHoro- 
amine:  Million  Lethal  Conrrulralion  for  Mirr;  Vmirant 
Arlion  an  Man,  (fetnlmr  12,  1042. 

138.  TDMR  43*.  Halo  on  Chemical  Warfare,  Novomlter  23, 
MM2. 

130.  TDMR  437.  A  Mixture  of  H0%  Umlnitr,  All%  Mudartl. 
The  Median  lethal  Dotage  by  Skin  Application,  Oe* 
tolier  20,  1042. 

1*0.  TDMR  4*1.  M-l  Planl,  Proem*  Hrrrlapmnit.  Hytlro- 
ehloric  Arid  H'rtsA  tf  Crude  M-l,  November  12,  MM2. 

1*1.  TDMR  4*B.  Wolf  Promt*  Hrerlopment  ( Arrlylrnr ). 
Synthetic  Mixture*  in  M-l  Pmdurlinn,  Noventlier  3,  MM2 

1*2  TDMR  4*0.  M-l  Planl  Pmrr**  Hrerlopment.  Treatment 
of  Want  M-l  for  Reduction  if  Sludge  Formation.  Novem¬ 
ber  10.  MM2 

103.  TDMR  4T.i.  Imritilr:  Hitprmion  a*  Airplane  Chemical 
Spray,  Novemler  20,  1042. 

1*4.  TDMR  474.  Freezing  Ted*  of  Vmirant*  in  the  Sl-fO 
Chemical  Spray  Tank,  Novemlier  23,  1042. 

1*3.  TDMR  47*.  M-l  Plant,  Pmrr**  Hrerlopmrn>.  Cuprum 
Chlaridr  Pmrr**.  A  Search  of  the  Chrmiral  Litrmlurrfor  a 
Subdnnrr  to  Solubilize  Cupmu*  Chloride,  Xovrmlier  30, 
MM2 

1*0.  TDMR  400.  Storage  if  HS  and  M-l  in  Concrete.  Treat¬ 
ment  if  Conrrrtr  Tank*,  Deermtier  14,  IIM2. 

1*7.  TDM  II  312.  Thr  Compamlirr  Vmirant  Action  of,  ami 
Prnrtmtion  of  Impregnated  Cloth  by,  Mudard  and  Ix-tri*- 
ite  Airplane  Spmy  Mixture*,  Dreemlier  10,  MM2. 

108.  TDMR  314.  lertritilr.  Stability  tf  Vapor  tf  ls>ri*ilr  and 
of  Other  Amrnirat*  touard  Water  Vapor,  Jnnunry  «,  MM3. 

lot).  TDMR  31.3.  Thr  Rfrrl  tf  Heat  and  Humidity  on  th 
Vr*irant  Arlion  of  Istrititr  and  Mudunl,  Deeetnlier  24, 
MM2. 

170.  TDMR  317.  M-l  Planl  Pmrr**  Hnclupmrnl.  The  Rfrrl 
if  .syVj  in  AT  I 'mil  in  Mauufartunug  M-l  by  Iht  Iti/CI, 
Hnlrh  Promt*,  Jntionry  7,  MM3. 

171.  TDMR  318.  Corrtmion  of  M',7AI  Homhe,  J.inil.iry  I, 
MM2 

172.  TDMR  323.  Mrlhml*  of  ,\nnly*i»  and  Hrlrrlion  tf  Chrmi- 
ml  Agrnlr.  Mrlhml  for  Fit  Id  Sum /ding  and  A  oaly*m  if 
MS  Vapor*  in  Air,  Jnlitinry  14,  MM3. 

173.  TDMR  333.  Pmidrnl  Ymranl  Spray.  Airplaut  Spmy 
Trd*  with  MSC,  Thirktnnl  and  I'nlhirkrntd,  \pril  10, 
MM3. 

174.  TDMR  337.  Xt  w  1'nm/muHth.  /J*  ft  malum  T**t*  «i» 


gtiCKKT 


X 


1 

1 


A, 

it'. 


W' 


'  i 


vi 


-  > 

n 

'<33  ■ 

■-if 


• 1  me  vob 


Chlorolkglaminrt  Compand  m ith  HS,  M-l  and  HD,  •Ntiih- 

»r>- 20,  \m. 

ITS.  TDM II  S4S.  Prrynmtion  V  hnrititr  (M-t):  .1  Wi'We 
ayraphy  if  Hrfrnnrrt  on  Methadt  (Hhrr  Than  Aluminum 
Chloride  Catalytic,  Jitnunry  23.  IMS. 

170.  TDM  It  S4H.  Uwititr  <  M-l ):  Thr  Slrrraitnmrrt.  larrdi- 
potion  of  Dinrrrpanrir, t  brtirrrn  Sominal  nod  Anniytirat 
Cnncrntratinne:  Hidrtrrminnlion  of  Ify,  for  Mirr, 
Jnniwry  2I>.  IMS. 

177.  TDMII  S30.  Fnrting  Tide  of  Vreimntt  on  thr  Airptonr 
Spray  Tank  MW,  Krimwry  20,  IMS. 

17*.  TDMII  SSI.  Artinr.  Phytialagiml  Kfrdt  RmuHing  from 
Ktputurr  tv  Sulddhat  Conrrutndioot,  Friirunry  4,  IMS. 

17(1.  TDMII  SOI.  Cnmfuiratirr  Vmirant  Art  ion  ami  With 
Penetration  of  Mixiurrt  of  Variant  Cumpoundt  irith 
Murinnt  amt  hnrititr,  Kolinmry  10,  1043. 

1*0.  TDMII  SO*.  NnrCompoundt:  Reparation  and  Prr.prdim 
if  (PVhtararinytdiltuarMmnr,  April  20.  1M3. 

1*1  TDMII  SH2.  Srtgmmudard  and  Smyuimudnrd  llomo- 
logon.  Vmirant  Action  and  Cloth  Penetration  of  I  ndi - 
lotrd  Campaumlt  amt  Mixture t  irith  Mudard  and  Isirtt- 
Ur,  Mnrrii  IS,  IMS. 

1*2.  TDMII  S02.  m-Sitmphrnyldirhlnraartinr:  U\.for  Mirr; 
Itt-min.  Rtpmmtr,  Mnrrli  IS,  IMS, 

IKS.  TDMII  «ll.  Vmirant  Mixture.  Phytiral  Cimdnnlt  of 
Mixture t  of  HA  milk  Nilmgru  Muotardt  and  irith  RD, 
Mnrrh  20.  IMS. 

1*4.  TDMII  OM.  Riddiphrnglaninr)  Oxide  (DA  Oridr),  If  m 
for  Mirr ;  W-min.  Rzpomurr,  April  ft,  1013. 

IKS.  TDMII  flOO.  M-t  Plant,  Prorrtt  Drvrlopmml,  M-t  Pro- 
durtiun  ft#  thr  Solmt-bnlrh  Promo,  irith  Cuprout  Chloride- 
ithanolaminr  Hydmrhlnridr  at  Catalgd,  April  0,  IMS. 

Iftft.  TDMII  fllS.  Median  Drlnlablr  Conrrnlrationo  by  Odor 
of  Plant  Hun  Mnttanl,  Plant  Hun  hnrititr,  and  Pilot 
Plant  Kthyt  Nitrogen  Mudard.  April  16,  1043. 

1*7.  TDMII  022.  M-t  Plant,  Promt  Ikertopmrnt,  M-l  Pro¬ 
duction  from  Aretglrnr  Miutr  ft#  thr  Hrg,  nrmlire  Hi'dm- 
radian  Crnrking  Vmrrot,  Aiwil  Ifl,  1013. 

1*8.  TDMII  «2S.  M-l  Plant,  Promt  Drrrtnpment,  M-l  Pro¬ 
duction  ft#  thr  Xon-tolrml  Hatch  Promt  irith  C uproot 
Chlnridr-rthanoioMinr  Hydmrhlaridr  at  Catatyd,  April  17, 
IMS. 

1*0.  TDMII  AS7.  i-Chlorarin--,’ifunranrtiur.  If*  for  Mire: 
Vmirant  Art  inn  on  Man,  April  2*,  IMS. 

ion.  TDMU  nan.  n,  Efi.n  «/  Militant  nod  l.nritifr  on  thr 
Colloidal  Gold  Curie  of  Spinal  Fluid,  MitV  4,  IMS. 

101.  TDMII  MK.  IHttrihuliim  ami  Hair  of  Prndrotion  of 
hnrititr  in  Skin,  Mny  I,  IMS. 

l'(2.  TDMII  070.  M-l  Plant,  Promt  Derrlnpmrnt.  Sludge  Re- 
d  mi  inn  in  Crude  M-t  hg  Hyilrarhlarir  Arid  Photgrnr 
ll'noft,  Jiiik'  2,  IMS. 

I'M,  TDMII  071.  The  F flirt  of  S,rrml  Chrmiml  Warfare 
Agrnlt  oh  thr  K  rattrhou  rt  H<  flex  in  HaMiitt,  ItlWr  10,  IMS. 

IM.  TDMII  0*8.  .1  Mixture  of  Muttnrd  (IIS)  and  Dirhtoro- 
rthylnrtinr  ( HP)  .7 It-oO  ft#  Wright:  If  vfnr  Mirr,  Jute  17, 

tois. 

I0S.  TDMII  001.  Drrimtint  of  Chrmiral  Warfare  Agrnlt. 
Tuxiritij  Study  No,  I,  .ItitH*  2S.  I1MS. 

100.  TDMII  702.  M-l  Plant,  Prorrtt  Ihnlopmrnl:  Ted  far 
Vtr  in  thr  M-l  1‘rormr  of  1 T  Made  from  trnr-grade 
\r*tuit'  Ortxt  July  Ml. 


107.  TDMII  707.  1.  Plant *  Prom*  Drtriopmrnl.  Trtl  of  Suit¬ 
ability  of  Artrnir  Trichloride  Sample  < iRS-4  W-tiS, 
July  23,  IMS. 

111*.  TDMII  710.  Cuprout  Chloridr  h  Promt,  AurukI  10, 
IMS. 

100.  TDMII  7S0.  .4  Preliminary  Study  of  ihr  Hfhrt  of  Wetting 
Agrnlt  on  Ihr  Vrtieant  Pmrer  of  H  and  l„  .\uriH  SO, 
IMS. 

200.  TDMII  733.  Drrrtnpment  of  h  Pilot  Plant.  Cuprout 
Chloridr  Promt  and  Hyilmrhlnrir  Arhl-Photyrnr  Treat¬ 
ment,  AurukI  31,  IM3. 

201.  TDMII  730.  AtClt  Plant,  Promt  Drrrtnpment.  Conation 
if  Iron  Canted  by  Mnitturr  in  thr  AO  I  ted,  Hrplrmln‘1 22, 
IMS. 

202.  TDMII  700.  Mrthmlt  of  A  nalytit  uj  Antimony  in  Artrnl- 
rat  hiquort,  Novrmter  I,  IM3. 

203.  TDMII  701.  Mrthadt  of  Annlytit  of  /,  Prepar'd  by  thr 
Cuprout  Chloridr  and  Mrrrurir  Chloridr  Pmrrttrt,  Nit- 
vernier  I,  1043. 

2M.  TDMII  702.  Hrgrnrratirr  Hydrocarbon  Crnrking  Promt. 
Ted  if  Aretylrnr  Produced  in  h  Prahirtinn  by  Cuprout 
Chloride  Batrh  Promt,  Nuvwnler  3,  1043. 

3nS.  TDMII  777.  Antimony  Trichloride  at  an  Arrrlrralor  fur 
Production  if  I.  by  thr  Mrrrurir  Vhlnridr  Pmrrm,  Dmm- 
Irr  I,  IMS. 

mo.  TDMII  704.  Purification  of  Carbide  Arrlylrnr  by  Counter- . 
current  Scrubbing  in  n  Parked  Toner,  Jnnunfy  10,  1044.  \ 

207.  TDMII  *M.  Vapor  Prrtturr  Curm  of  Agrnlt  nnd  Sal- 
mlt,  Fdirunry  20,  IM4. 

JOR.  TDMII  1081.  Cormtion  ft#  Vrtiranlt:  Rnlr  of  Conation 
if  Strri  and  Other  Mdalt  by  H,  HQ,  HN.1,  HNl,  and  I i. 
Madly  nl  ltd*  C,  A|iril  2,  IMS. 

200.  Tlll.lt  I.  hnrinilr.  Determination  of  Vmirant  Action  on 
Mao  by  Cur  of  a  Cnnlinwiut  Flow  Chamber,  AuriikI  21, 
IMS. 

210.  THI.lt  2.  Sludirt  if  Ihr  Mrrhnnittm  of  Ihr  Phytiidagiral 
A. Him  if  Mudard  Oat.  Pad  II.  Thr  Kffnt  of  Organir 
Aneniealt,  Ht-ptrmler  IS,  IMS. 

211.  Tlll.ll  3.  m-Nilrophroyldirhlomartior.  If  u  for  Mire 
ON  W-min ulr  Bxpatuir,  Krptrmler  10,  IMS. 

212.  Tlll.ll  8.  hnritilr-hnritilr  Oridr:  Vmirant  Adion,  Or- 
Inter  IS,  I  M3. 

213.  Tlll.ll  10.  RlhyldirHnmortior  (HD).  Ktplntion  Ted  in 
thr  MW  Airptonr  Bomb,  Diwmler  IS,  IMS. 

214.  Tlll.ll  I*.  IIS-1,  II  and  HQ.  Efirdt  of  O.l-mg  Drop* 
oo  Fyrt  of  Babbitt,  IkrmiW  20,  1043. 

215.  Tlll.ll  24.  Thr  Hair  if  I. ihr  rat  mo  if  II  and  I,  from  Some 
Cairo  mutt  Suite.  A  Preliminary  Itr/md,  Mnrrii  2S, 
IM4. 

210.  t'WS  F trt<l  l4il»tri«iory  Miiuonuuluiu  1*4-5.  M'diml 

Dirit'um  Statue  Summorim,  AurukI  1014. 

217.  Mnliml  llno^rrli  Dil*>rntory  Informnl  MroilMy  I‘n«* 
riw  Iti'iKHi,  AurukI  IS,  IMS. 


MISCHLL.WHOrS 

21*.  Tieltninil  Mnniinl  *-2*5.  Treatment  of  Catuallirt  from 
Chrmiral  Ayrnlt,  I".  S.  Wnr  l»i-|«nr*l»H-*i*,  A|»ril  IS, 
IIH4. 
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nrtTM)  ST  A  TVS  VI  IT  REPORTS 
Xtiral  Rrnmrrh  Laboratory 

Jilt.  .-I  CnulrolM  Ixtboralory  Experiment  In  Com  parr 

lw»nm»  Hmulling  f nun  Applimliaa  of  Mart  nut,  Iwwimlr 
anil  Silriypn  Murtartl »  In  Ibr  Skin  of  Mr  Forearm*  of 
II o moon,  Hrptrnilirr  I,  MM4. 

220.  P-2483.  Chamber  Tint*  with  Homan  Subject*.  17.  Arm 
Chnmtxr  R/fnooirr*  In  I,  Vapor,  Mny  31,  1043. 


SfISCKLLASEorS  CXITEl)  STATES 

remits 

221.  IM’WII  1717.  Salrtnn  Vin'l*  In  llnnlurillr  ami  Pi  nr  HI  of 
Arnroal*,  July  2H  At,  I  ft }A.  l»y  I,.  T.  I).  WIIHtim*,  An- 
Riixt  7,  I  (M3. 

222.  IICVVH  3077.  A'«fr«  no  a  Meeting  of  Plant  Mnliral  OJH- 

torn,  Snfrty  Engineer*.  anil  Mnliral  Caannllanl*  at  llunl *• 
rillr  Armani,  Alabama,  Srplrmbrr  lo-IH,  by 

1.  T.  I).  Willinn*. 

223.  IK'WII  2380.  Srmnrl  Confrrrnrr  of  Mnliral  OJKrrn  ami 
I 'annuitant*,  Hrhl  al  Pinr  Bluff  Arnroal,  A  rtannan, 
HI  IT  Xnrrmhrr,  /».{.»,  by  I,.  T.  I>.  Wllllnmn. 

224.  I’ll.  237.  Muntanl-t,  Cbrmiml,  I’alhnlagiml  ami  Tarim- 
lagiral  CharOtirri*l‘m.  Phyninlngiral  Action  ai,rl  C 'amfrari- 
nonn  irilb  IHkrr  Siihtlanrra,  J.  A.  K.  Kvxtrr. 

223.  AM  .138.  The  Hi  lot  in  Military  Valor  of  Murtaul-I  ami 
11-41,  J.  A,  K.  K.vrtw  nml  A.  8.  hrmlmrl. 


RRirisrr  reports 

Chrmiml  Ibfrnrr  Experimental  Station,  Parian 

220.  Porton  Mrmomnduni  No.  I0A.  Thrl'hrmiml Contamina¬ 
tion  if  Wain  Supplier,  Mnv  20,  1041. 

227.  Porton  Mrmommlum  So.  1.1.  Clnmijinl  I, is  of  Cma- 
pnunil *  Examine*!  Pbepeiielnyimlly  Sinrr  HUH,  Orttdirr 
HMI. 

228.  flirt  on  Mrmnrundlllll  No,  28.  Mrthexl*  of  Drmnlamiua- 
lim,  A|tril  (A.  I1M  * 

220.  Port  on  Hr|mrt  \‘o.  1248.  The  Kjfrrl*  of  Hit  Ihlntirr 
HnmiiHly  ami  Trmprmturr  of  Mr  Air  on  Mr  Vrtimnl 
I’nurr  of  Drop*  of  Ismixitr  IVhro  Falling  Ihmiigh  Ibr 
Almmpbrrr,  Julio  18,  1034. 

230.  Porloli  lto|iorl  No.  1314.  Hrpnrl  on  Ibr  Kjfrrl *  of  Trmprr- 
alurr  ami  llrlalin-  llumiililg  on  Ibr  llalr  of  Evaporation  of 
limit*  if  h  irixitr  Sn*prml<*t  in  .1  ir  Slrram *  of  Variau * 
Vrlnrilirn,  April  17,  110.1. 

231.  Purton  Hr|mrt  No,  1317.  Hrpnrl  on  Ibr  Pbyninltnpral 
Examination  of  Certain  Snh*lit*it*  it  .1  mint*,  Mnv  31, 
1030. 

232.  Porton  Hrpnrl  No.  2020.  Inlrrim  Hrpnrl  on  Ibr  Hair  of 
Eraimralion  of  Drop*  of  a  Mixture  of  MuSarrl  (la*  ami 
h  i ri*ili,  Orlnlirr  31,  1030. 

233  Porton  Hr|mrt  No.  2I1.1A.  Preliminary  Hrpnrl  on  Ibr 
Suitatu'ily  of  Variau*  Charging*.  Pari  I.  Ain  mil  Siting, 
Anri-l  2«,  1030. 

234.  Porton  llrport  No.  21.10.  hiri*ilr  Shark,  IVnrmbrr  21 , 

iom. 


233.  Porton  Hr|mrt  No.  2I0AA.  Tbr  Toxirily  of  Iwieitilr  11 
ami  Iwwiritr  ll  Oxitlr,  tVIminry  14,  1041. 

230.  Porton  Hr|ioft  No.  2172.  Thi  Offmnirr  I  V  of  A  mi  nr, 
Krl  wintry  0, 1041. 

237.  Pnrtnil  Hi.|tort  No.  2170  1‘olhologiivl  Change*  f'mdmvd 
in  Small  Irnhonttary  Animal*  by  Arm  Hie  Trieblarltle  otol 
Phenyl  Dirhlnraminr,  irith  a  Sole  on  Treatment,  Mtirrb  0. 
1041. 

238.  Porton  Hr|mrl  No.  2183.  Pathology  of  lwwi*ilr  Painaning 
by  laboratory  Animal*.  Tbinl  He/mrl.  M>nmr\  21, 
HMI. 

230.  Porton  Hr|nirt  No.  2201.  A**r**mrnl  of  Danger  of  Sy*- 
Irmir  Painaning  by  l.rtri*itr,  April  20,  HMI. 

240.  Porton  Hr|xwt  No.  2203.  Fonrlb  Hrpnrl  an  Iwwitilr  Poi- 
rnminy.  Pathology  ami  Treatment,  Mny  24,  HMI. 

241.  Porton  Hrporl  No.  2240.  Syrtrmir  EJfnl*  tmlnretl  by 
MuUnrr I  (So*  Poimming.  Firs  Heporl,  July  30,  HMI. 

242.  Porton  lti*|nirt  No.  2240.  Trralmenl  of  Iwwixitr  Skin  Con¬ 
tamination  by  It'rf  Drrming •  of  A1’,,  11/1,  or  HFJp  llyinmt, 
ami  il *  Comparimm  with  D.T.II.  Tirol  mint,  AiiRUxt  3, 
HMI. 

243.  Portim  Hr|mrt  No.  2318.  The  Pbepeialogiral  Art  ion  of 
Amine,  Att|ru*t  12,  HMI. 

244.  Porton  Kr|mrt  No.  2272.  Pby*iral  Cnuntanl*  of  A  nruiral* 
Hrlalal  la  D.C.,  Hrptrmlirr  10,  1041. 

243.  Porton  Hrjiort  No.  2273.  Fonrlb  Hr/mrlon  Amine  Paimm- 
ing,  Srptrmlirr  12,  HMI. 

240.  Porton  Hrjmrt  No.  2300.  Trial  trilb  Shell  Cbargnl  IS'  - 
MC  Fnnrlirmrrl al  Hint,  IVfWltirr  2,  HMI. 

247.  Porton  Hrpnrl  No.  2321.  Tbr  Kjfrrl  of  Hrpralrrl  Short 
Prriml*  of  Kxpanorr  In  High  Coorrolmlion *  of  It.C., 
Krlwiuiry  5,  HM2. 

248.  Porton  Ibliort  No.  2341.  Tbr  for  of  tbr  HA-lh.  Bomb  for 
tbr  Attnrk  of  Took*,  Krbmnry  II,  HM2. 

240.  i'orlon  Urpurl  No.  2347.  Synlrmie  KJfnt*  Following  Skin 
.1  p/tliralinn  of  Dilthroytrhloronminr  IDA),  Mnrrli  23, 
HM2. 

381.  Porton  Hr|mrt  No.  3188.  Preliminary  Hrfmrt  tm  Ihr  Kjfrrl 
of  Terrain  an  Ibr  Rmluhan  of  Vapor  from  IwwitHr, 
July  18,  HM2. 

311.  I'orlon  Huftnrt  No.  2100.  Tbr  I ’nr  of  an  A**nult  Coumr  in 
Ibr  Atutrumrnl  of  Ibr  Armniral  Smokrx,  Allfttlxt  IH,  HM2. 

312.  Porton  t(c|MU*l  No.  2420.  Toxirily  of  Pbrnyhliliranmminr, 
Phrnylttiinilnnminr  nml  Phrnytrli/tnnraminr,  Hrptrni- 
lx-r  10,  1042. 

313.  Porlon  Itrpirl  No.  248ll.  KJftrlirrnr**  of  >V.J„I,  {Son- 
Armour  Purring )  Cbnrtpel  with  f'H*  Agrnl  again *1  Crnr * 
of  A. FA"*,  Fi  bninir  28,  1043. 

314.  Porton  l{r|Kirl  No.  2403.  Tbr  Pkynialagiral  Kfftrt *  of 
Vnriou *  Snbrtnnm  on  Ibr  Hahbil' *  Kyr:  A  Preliminary 
Surrey  of  Cbrmiml  Kyr  Injurant*  with  Pnrtinilnr  Hrfrr- 
rnrr  to  Maltrulnr  Strurtinn  ami  f'H'  Potent iuhtir* 
Mnrrh  7,  MM3. 

313.  Porton  Hrpnrl  No.  3108.  I.ympb  Dminayr  in  fwwi*itr 
Poimming,  Junr  2,  MM3. 

310.  Porton  Hr|x»rt  No.  3118.  Th<  prrrrntinn  of  Verirntinn, 
July  3),  HM3. 

317.  Porton  lb|mit  No.  2312.  Satan  of  Air-harm  luwt*tl-, 
Ortolirr  II.  1013. 

3W.  Pul  Inn  Kr|mrt  No.  2333.  Thr  KJfnt  of  lwwi*tlr  Vapor  on 
Small  Animal*  ami  on  Man,  ( (rinlx  r  31,  1013. 
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250  Potion  Hpfairt  No.  2500.  Sorw  Further  Strfie*  on  the 
Trmtmrnt  of  M  infant  (in*  HI  inter*  amt  tl  Campnrimm  of 
the  1 1  roll  MU  of  Murtanl  (la*  ami  Iwwioilr  Horan,  Niiwnt- 

Ut  to.  1043. 

200.  t*ortoli  |{p|Hirl  No.  25X3.  Treatment  of  Eye  I  union*  Peo- 

toi  \Hxiurrn  of  Murtanl  (Ion  amt  Iswinitr,  Jntm- 
ii ry  17.  1044. 

201.  1'iifimi  lti*fairt  So.  2024.  The  Treatment  of  Imrinitr  Shark 
with  Soil  in  m  Salt  Solution*,  Juno  0,  1044. 

202.  Piirtiin  ltp|«>rt  No.  2055.  Storage  Trial*.  Booth*  .4 

RS-lb.  Charger!  Yr*irant*,  Xnvomlnf  23,  1044. 

203.  I'oflon  ItrfKirt  No.  2005.  Xatrn  on  the  Permeability  of 
Syrtrmir  Capillar  in  Following  Intra-Arterial  lajrrlinn 
of  hewinitr  Oxifr,  IVlininry  4#  1045. 

204.  I'orton  |{p|»irt  No.  207H.  The  Toririly  ami  Thrraprnlir 
Value  of  H. U.  ami  HAh-Intme.  Fart  l.  May  2t,  1045. 

205.  Horton  Hi*|mrt  No.  2070.  The  F.fbet  of  HA  I.  niton  Exrrr- 
lion  of  Arnruir  in  the  Hite  of  l but*  amt  Hohhit*,  Mnv  20, 
1015. 

200.  Horton  |)r|mrttnrutnl  ltr|mrt  No.  70.  Report  on  the  Skin 
Burning  Ftnrer  of  Varionn  Vrniran!  Miftnrr*  through 
Semite  therm,  Jllly  22,  1030. 

207.  Horton  Orpnrtmpntnl  ItrpiMl  No.  200.  Preparation  ami 
Pmprrtir*  of  Mi  ml  Fury I  ( tt-rhlomei  nyt )  amine*.  Jimp  24, 
1040. 

200.  Hln  ONCXlt.KMt).  Knlimalion  of  Anenir  Com  pan  ml*  in 
Miami,  April  20.  MM2. 

200.  Htn.H50(l(.lfl244).  Report  on  the  Phynialagienl  Ream i na¬ 
tion  of  m-Aietyhliphingl  Chlomarninr,  Diphenyl  Thin- 
ryanaaninr,  m-.l  rrtyhliphi  nyhyannarnine,  m-Chlomaer- 
tyl  Diithenyteganourtinr,  m-Chlnmarrtyl  Diphrnylrhlam- 
amine,  AuRilxt  25,  1041. 

270.  Ptn.l  101(11.12032).  Experiment*  In  Krtahlinh  thr  F.ffrrt* 
of  PC  on  the  Kyr*  of  Rabbit*,  Orlolipr  27,  4041. 

271.  Httl.llHIK  II.  14040).  Report  on  the  Phgnialogieal  Examina- 
tinn  of  Phenyl  Di/luuro-Arnine,  IVrptnlipr  12,  1041. 

272.  Htn. 12341  It. Ml *07).  The  Treatment  of  hneinite  Pm'raning 
with  Inlrarenou *  Injrrtioa*  of  Methylene  Rtne,  I'nta-rmm 
Permanganate  amt  Smtinm  Thimnlphatr,  July  22,  1041. 

273.  Pi  n.2l  04  4K  It. 1050).  Phyniotogiral  Kiaminalion  of 
J  :i’l)irhlnrmti  phenyl  Chlomarninr  amt  ( .f'Dirhlnm- 
ilipkruyl  Cganonninr,  January  14,  1041. 

274.  Pin.2104  0(  It.  1057).  Rep*1  on  thr  Phyitfogiml  F.rnrni - 
natum  of  Sit  IS’  Analogue*,  January  14,  1011. 

275.  Pin.2104  fl(  It. 1 1234 ).  Report  on  the  Pky*ialngirnl  Exami- 
witioa  of  Chlamhyfmxyphi  n  .famine  o-Carhnrytir  lew. 
tone,  XpptrtllU-r  12.  1044. 

270.  Htn.2H0l  304.0102).  Egret*  of  Small  Droplet*  of  Iwwi.itr 
on  the  Rt,r*  of  Rabbit*,  July  1 1,  1042. 

277.  Ptn.2M20(T.I4500.\t.  Campnrimu  of  thr  Eftrrt*  of  II  ami 
lsiri*ilt  on  l,iring  Ti**ut»,  July  10,  l!M3. 

27K.  Hln.32n0tK.2H50).  Campanmn  if  T.HA’„  DC  ami  C.A.P. 
a*  Charging*  in  S.A.A.fiw  Altai k  on  A.F.V.'*,  Marrli  3, 
IIM2. 

270.  l’ln.3050tT.I5070).  Contamination  of  ll'afrr  Supplier. 
S/wrial  Water  Contaminant*. 

2M0.  Hln.40mxT.54l5).  Tabular  Summary  of  Pmprrtir*,  Pen- 
hrtinn,  rtr.,  ami  Couei'lrmtiiin  a*  Altrrnah  Charging*  in 
A/C  \Vmt*m*  tHomh*  ami  Spray)  of  Chrmiral  Warfare 
A, pot*.  April  20.  4043. 

2X1.  Pln.l2X(XS.IX7i.  Itiinirt  on  thi  Phy*i,ilngirat  Examina¬ 


tion  of  Diphenyl  Flttoroaminr  ami  Dimethyl  Phmnartinr, 
January  7, 1042. 

2X2.  l*tn. 42X0(14.1075),  Comment*  from  Porton  on  Dr.  .4. 
Sporiynnki'*  Rrimrt  on  Ex/wri'ment*  Carriiil  Out  in 
Pifanf  with  Phenyhlittnomarrinr,  April  1042. 

2X3.  l*ln.43mXS.2l77).  Phy*inlngiral  Examination  of  ',:','bi*- 
( Dirhloraaroiar )  Diphrnyl  Diml/thiilr  ami  .i-f-Chlnro- 
rthylthiophroylilirhloroartini ,  Fpltniary  10,  1012 

2X4.  Ptn.4300(T.t303IA).  An  Amrriean  II irtorhrmiral  Trrt 
for  hori*ilr,  Orliilar  5,  1043. 

2X5.  (".!».  Itpfmrt  Nil.  1001.  Rrimrt  on  thr  Phyniologient  Ex¬ 
amination  of  Certain  Amarrifinr  Annlinme*,  Mnrrli  10, 
1042. 

Ut  marrh  EnlaiAinhmrnt,  Hulton  (Ink 

2X0.  Prmlurtion  if  I/puMIp 

a.  M.O.  It  44K.  Pnnturtinn  of  luirinih  liy  a  S' rtr  1‘rnr- 
r**.  Part  /,  Dropnilirr  13,  1030. 

Ii.  K.O,  It  400.  Thr  Pmlnrtion  if  bririnitr  by  a  Nrm 
Pnwetm.  I*nrt  III.  Tbe  Phy*iral  Pmprrtir*  of 
Amrnir  Trirhloriib  ami  the  lwtri*ilr»,  July  4,  1040. 

e.  K.4 ),/ It/ 507.  Prmlurtiim if  luwi*ilr  by  Ihr  Mtrrutie 
Chloriilr  Proem*.  Part  I’.  Operation  of  a  I  Tim/ 
Week  Cruitr  t--:ri*ilr  Stripping  l  ’nil,  Frlinwry  25, 
1011. 

il.  K.O.  It  52M.  The  Prafnrtinn  of  Iwwirile.  Part  VI 
Exploratory  ll'ortr  at I  the  Profusion  if  hneititr  in ^ 
the  Vapour  Phone.  April  2X,  11441. 

p.  K.O.  It  531.  The  Pmlurtiim  of  luwinitr.  Part  VII, 
Pmmiblr  Allrmalirr  Pmermet,  May  27,  II4II. 

f.  K.O.  ’  It  '540.  The  Prof  net  inn  of  Iwwitilr.  Part  VIII. 
l/nboralory  Derrtopmrnt  if  the  Cuprou*  Chlarift 
Ptewroo,  AutniPl  20,  1041. 

U.  K.O  It  505.  The  Profusion  if  Lnrinilr.  Part  IX. 
Srmi-Trrhnirat  Drortnpmrnt  of  Ihr  Curfmu*  Chloral* 
Prom*.  January  0,  1042. 

Ii.  K.O. 'II  010.  Thr  Profusion  of  luwmilr.  Part  X. 
ttprmtion  of  a  Plant  Dnignrf  to  Pmfurr  10  Ton*/ 
Week  Slrippiil  Lrwitilr  by  thi  Mrreurir  Cblariik 
Pram*,  Ai«t»l  24.  1012. 

i.  K.O.  It  MX.  Profusion  if  luwitilr.  Port  XI.  Oper¬ 
ation  if  a  IO  Tan  per  Week  Pilot  Plant  far  Ike  Pro¬ 
fusion  if  luwinilr  by  Ihr  Cuprou*  Chlorifr  Pram*, 
Marrli  5,  1043. 

j,  K.O.  It  007.  Profusion  of  luwinilr.  Part  XII. 
Operation  if  a  W  Too  llVr*  Pilot  Plant  for  Iht 
Profusion  if  tuwinitr  by  Mr  Curpnu*  Cblarif* 
Proem*,  January  0,  I1M4. 

2X7.  !*o-l<rwMtP 

a.  K.O.  It  050.  l*o-lmwi*itr.  Port  I.  Pre/mmlion  oof 
Proper! ir*  of  t*n-l*rwi*ilr,  April  20,  1013. 

It.  K.O.  II  WIO.  Im-Uwinitr.  Part  II.  Thr  Strueturr 
of  Lrwi*ilr  oof  Imnlwirinilr,  April  III,  1043. 

P.  K.O.  II  007.  I *n-lwwi*ilr.  Port  III.  I’hynirarhrmi - 
ml  Pm/mrlim  of  lm-lwwi*itr,  MliV  31,  1013. 

2XX.  PldTOixarxinr  Oxiilp 

a.  K.O.  It  055.  Phrnnxorninr  tlxifr.  Port  I.  Imprrmrf 
Istbomtnry  Seale  Prr\mrntinn,  May  1,  1043. 

Ii.  K.O.  Il  OHO.  Phenuxaminr  ttxnlr.  Port  II.  Sr  mi - 
Sralr  Prrimmtinn,  January  1 1.  1044. 
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280.  Phyriru-t 'hpmionl  Htudim  on  thp  Popp-Ttimpr  ItfUPtion 
n.  H.O.  It  31(2. Phytiro-Chrmiml  Sludir *  on  Ihr  Popr- 
Turnrr  Rrartion.  Part  /.  TAr  Drmmpmilian  of 
Phrnytnrn  niou*  Oxide  (SI At)),  Frltmnry  0,  1042. 
It.  H.O.  It  (112.  I‘hy*im-Chrmirat  Sludir*  on  Ihr  Popi- 
Turner  Rmliun.  Part  II.  Thr  Hrrompooitian  of 
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mnlnay  1 1.  Mann). 
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(tin  Mnnn  nml  II.  II.  8.  Thompwm,  July  I",  I  M2, 
h.  W.I501O.  Thr  Art  in*  if  T.I'M  aft  Ihr  Hnbbit'r  Kyr, 
by  bln  Mnnn  nml  A.  Mlrir,  11*42  (umlnfnl). 

AS.  Oxfnnl  I’nlvrmlty  |N.  K.  Ailnm).  W.II430.  Vapour  Prr m 
*nrr  of  T.l'flt,  by  K.  W.  Hnbnn,  Hrjrtrmhrr  28,  1042. 

54.  Oxfuril  I'nivrmiiy  (II.  IhdiinriMi ) 

n.  W. 44132  C.  Prrparalian  of  X-t'arbomrthary^l-rhlora- 
tlhyl  Xilronaminr,  by  L  J.  (inhbwnrthy  ami  It. 
llolritiMMi,  Mn.v  25,  IW2. 

It.  Itnltinmm  Itmrnrrh  Hr|mrl  Xn.  71*.  Xnlr  m  thr 
Prrpamlina  nf  H-rhlnrarlhyl  Mrlhyt  Xilronaminr, 
ri-Cli,  CH,  X(Xn)  CHu  lt>  L  J.  Coltkiwnrthy 
nml  II.  Ibtltitonm.  July  14,  1042. 
r.  Ibiltinwni  Itimmrrli  Hrpnrl  Xo.  80.  Xnlr  on  Ihr 
Prrparnliott  nf  X-l’nrbnmHhary  (t-Rmmnrihyi  Xitm- 
naminr,  Hrl'll,VH,XtSO)-COf  Hu  by  I,.  J. 
(iolilntvoriliy  nml  II.  ItuMmnm,  July  22,  MM2. 

wscRUAXEnrs 

55,  V.  1 8300.  I'nmmrntnry  an  Ikr  Aggrrimirr  Pnwrr  nf  Trirhhtrn - 
Iriithylamint,  by  I).  IS.  (nrilirr,  Mnrrh  12,  I1MI. 

OPES  LITER  ATI  HE 

50.  liruhl,  J.  W.  Hrrirhtung  tn  Mrinrr  .Milthrilunj  Ahrr  rtru 
nptinrhr  I 'rrhnltrn  n ml  ilir  (MiMim  tirr  Xilrmanlkytnrr- 
thnnr  n mt  tin  AnthrnniU.  Her.,  M,  421M  -421*5  (11*03). 

57.  Cnwlhrm,  W.  II.  (Kililnr).  Orgnnir  Synthnm,  If,  54 
(1103). 

58.  K  Mil  tic,  M.  K.  A.  Art  inn  Hr  f arifr  alnlrnx  mr  In  rorpn 
nsnlr*.  ||ff.  Trnv.  ('him.,  9,  134-154  (1800). 

50.  v.  IVrhinanit,  II.  f’hrr  Diamnrthan  nml  S'ilmonnryl- 
nminr.  Hrr„  21,  2010  20 10  (I8!IS). 

00.  Sell  mbit,  O.  Hrilnlgr  tor  Sprktmrhrmir  tin  Stirknloff*.  X. 
Mr  Pltyniknl.  Chrm.,  M,  513  540(11107). 

01.  Wnnl,  K.,  Jr.  Thrl'hlarinalnl  Klhylaminr*  —  .4  Xrtr  Tyi tr 
nf  Vniranl.  J.  Am.  (Vm.  >*•».,  27, 1*14  1110  (1105). 
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OSRD  FORMAL  REPORTS 

1.  OHItl)  1284.  Pamublr  Turin  Agrnl*  nml  Intrrmrtiialn, 

by  M.  8.  Klmmurb,  4 'nlvi*r»ily  nt  Cltirnfn,  Mnrrh  22, 
MM3.  iwv.  i*-anrv.M5 

2.  (Will)  I21M.  Thr  Prritnmlitm  nf  Ethijhlirhlnrnnninr  ami 

Hrlatnl  I'omponmh,  by  M.  8.  Kliiim»rh,  I'nivrmitv  ttf 
(liimRit,  Mnrrh  23.  MM3.  Div.  0-2I3.I4-M5 

3.  CWItl*  121*5.  Thr  Drmntamination  nf  Dialkyl  Flnnm- 

fthinfihatt *,  by  llnmrr  Aitkin*  nml  A.  I,. O’ihU,  I'nivcmiiy 
..f  WirmtMU,  Mnrrh  21.  MM3.  Div.  0-521-Ml 

4.  OWHI)  3078.  Prrpnrntinn  if  Alkyl  Flnomphmphatn,  try 

II.  I..  Ji'iikih*  nml  K.  K.  Il.inly,  Mnrr<ntibt  Chrmirnl 
I'nmiKitiy,  .liinuiiry  3,  I1M4.  Div.  !*-2l  1.I2-.M3 

5.  DSHD  3113.  hnrriji/linn  if  Prom*,  Prriiminary,  Di- 
imipmpyl  Flnamphimphalr, ,  Rairh  MrthnH,  by  H.  !.. 


Jrtiklnn,  W.  M.  ('nn|trr,  K.  K.  Ilnnly.nml  II.  F.  Wnltcm, 
Miiiinniibi  Cliriniriil  C<mi|MHy,  Juiiimrv  II,  MM4. 

Div.  0-911. 1  l-Mt 

0.  08 HD  3228.  DrmripHim  tf  Pram*,  Prriiminary,  /)(• 
imyrayyl  Fhmmyhrmphntr,  Continnnu*  Mrthnl,  by  It.  I,. 
Jmkinr,  W.  M.  Cimprr,  nml  II.  K.  Wnllrm,  Mimrnuln 
(limtirnl  Cnmiwny,  Krlirtmry  I,  I1M4. 

Div.  Il-2ll.il. M2 

7.  OHItl)  3480.  Cnlorimtlrir  Drlrrminalitm  of  Flimrinr  in 
Flnoanaryanir  I'nmyonmln,  by  J.  II.  Ym\  l>.  (S.  Ovw« 
Imlnrr,  I'nlvrmlty  nf  Vlrjtinln,  A|*rll  14,  I1M4. 

Div.  1M22.3-M  I 

8.  0811 D  3481.  Drlrrminalitm  nf  FUmrinr  in  Flnnrmarynnir 
I'ampoitml*,  by  J.  II.  Ynr,  J.  M.  SnUlmry,  nml  J.  \V. 
Cnlr,  I  nlvrmlly  tit  Vintiuin,  April  14,  IIM4. 

Div.  1M22.3-M2 

1*.  081(1)  3830.  Drlrrminalitm  of  Flnorinr  in  Flininr-tirgnnir 
I'amimnntl*  in  Imr  I'nnrrntratinn*  in  Air,  by  J.  II.  Yin1, 
J.  M.  MnMiurv,  nml  J.  W.  Cnlr,  t'nivrmilv  nf  VirKinln, 
June  27, 11M4.  Div.  (M22.3-M3 

10.  D8ltl)  4012.  Thr  Prritaralian  of  Xrtr  Turin  Ham*,  by 
Anlnn  H.  Hum,  ‘('In'  I'nivrmiiy  nf  Cnlifuniin  nl  Dm 
Alixrlm,  Aiupint  12,  1941.  (Divlnhui  10) 

Div.  IO-402.30-M8 

1 1.  DSHD  4170.  Stnhn r  Hr/tarl  on  Tturirily  anil  \‘r*iranl  Trni* 
of  I'omyonml*  Rrfrrml  lo  thr  I  'ninrrtily  of  I'hirngo  TtU- 
irily  Irthoralary,  by  K.  M.  K.  (Willi*,  It,  K,  Cnuunli, 

W.  Itlnnm,  nml  II.  D.  Ymin*,  rnlvrmily  nf  ('hirn*i> 
Tnxlrily  iMlmmtnry,  Orlnltrr  3,  1944.  Div.  (K1II0-M4 

12.  OHItl)  4273.  A  Summary  nf  thr  Vapor  Prrmtnm  anil 
Vnlntilitirn  if  I'nmptmml*  Slmlinl  al  Ihr  I  nirrrnity  of 
I'kiraya  Tnririly  hahoralory,  by  ('.  K.  Itmlmnnim,  8.  \V. 
Chnikin,  II.  It.  Krurin*,  D.  Vnn  llnwm,  J.  Hnvil,  D. 
Hrnnliri,  nml  (!.  J.  Itnlnriu,  I'nivrmiiy  nf  Chirnj(n 
Tttxirilv  liilmmlnry,  Xnvrmln>r4,  1044. 

Div.  0-200-MK 

13.  DSHD  4021).  .4  Synlrmalir  Srhrmr  for  Ihr  IMntino  nf 

Turin  on  Plain  Silira  Tulm,  by  D.  K.  Tnrln-ll,  It,  It. 
4’nrlin,  V.  1*.  Wyntmrh,  K.  Kliu*xlirm,  J.  F.  Hunnrtl, 
nml  K,  O.  )Jmh>lrnm,  I'nivimily  nf  l|nrlM«lrr.  Jnrtu- 
nry  24,  MM3.  I8v.  IW2I.2-M2 

14.  OHItl)  4843.  Thr  Drl ni ion  of  Orgnnir  Flnorinr  Turin. 
Thr  l'*r  of  Thinmrbomnn  a*  Arnrniral  Drlnion,  by 

X.  I,.  Dmkr,  I'nivrmity  nf  Mnrvlnml,  April  10.  1045. 

Div.  0-422.8-M  14 

15.  OHItl)  5000.  Thr  KfftH  of  Finn  Hair  on  Ihr  Toriritir*  if 
II,  Q,  IIXl,  II X A  ami  I.  hy  Inhalation,  by  Total  Frpttnnrr 
ami  by  Hotly  Rrpmnrr,  by  llnrry  O.  Allmum,  |him  llrm>- 
ilirl,  Krnnrlb  I*.  Ihilinb,  llimnril  0.  Olmm,  Jnrmw 
II.  M.  Ilrmlrmnn,  nml  Jnltn  O.  Ilutrhrmi,  I'nivimlly  nf 
('hirit*n  Tnxiritv  Ijtltnmlnrv,  A|*HI  28,  HM5. 

INv.0-.mMI 

10.  OHItl)  5140.  Final  Hrftorl  I'mlrr  I'anlmrl  OKM*r-riAJ, 
by  Knmrtt  (‘nltrn,  Jiwph  IlnrrK  K.  II.  Vnn  Arlwlnh'it, 
nml  Mnrir  K.  IVrkiib*,  Tltr  Jnlim*  Il-tpkirtn  I'nivrmiiy, 
Mnv  20,  1045.  INv.  0-2mbMI0 

17.  (*SHD  5148.  Starlit*  in  Ihr  Synthm *  nf  Orgnnir  I'om - 
into  ml*  if  Sulfur,  Xitrmtrn  anti  f'klarinr  Whirh  |W,-j 
Phgnialagirnl  Artmily,  bv  It.  Fun  Ml,  ('.  ('.  I'rirr,  nml 

II.  II  Snyik-r,  I'nivrmiiy  nf  lliimtio,  Mnv  21*,  11*15. 

Div.  0-2I2.5-M4 
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IK.  OHItl)  5194.  Tr"lt  fur  Yraimnry  on  Unman  Skin, 

.1.  K.  Timm*on.  II.  I).  Voting,  J.  Hnvil.  K.  (Sohkwmwcr. 
K.  M.  K.  (Soiling,  It.  K.  Cnnnnn,  n ml  WHIinnt  Bloom, 
rnivrwilv  of  (lumgn  Toxicity  Imlmmlnry,  Jto*  I* 
IU4,',.  IMv.  IKHKVM3 

10.  OHItl)  5305.  Supplement  to OSRD  it 7*.  Statu a  Report  on 
To/irily  amt  Yrairant  T rat »  of  Compound*  Rrfrrml  to  the 
t  ‘nierraity  if  Chirayo  laboratory,  by  K.  M.  K.  (Soiling, 
II.  K.  Ciinimn,  ami  William  Bloom,  July  4,  1045. 

Div.  9-.mo.M5 

30.  (Will)  5345.  Tkr  Ckrmidry  of  PF-t  at  a  tt’atri  Can- 
tamimwt,  l>.v  (’.  C.  I*rkv  nml  B.  II.  Vclncn,  Cnlvcwlly  of 
lllinoi*,  Angi**l  10,  1015.  IMv.  0-211.1 I-M3 

21.  OHItl)  5.101.  Yrairant  Slmtira,  liy  Dunmn  A.  Mnrlnnc* 
nml  I),  BHrhor,  Tito  ItoHtrfrllcr  Inrtitutr  for  Mmtiml 
ItoNonroli,  Align*!  10,  1045.  ( l)lv Won  II) 

IWv.  1 1 -203.5 1 2-M 13 

22.  OHItl)  5483.  Tkr  Preparation  of  Ethnnrttunrophoapkon ir 
Amt.  fmpropyl  Ertrr  (KB-fAH)  —  Tkr  Ethyl  Analog  of 
T-I4I,  liy  M.  H.  Klmm*ch,  K.  V.  Jonnon,  nnil  It.  I.. 
AiMmnn,  I’nivmilly  of  Chiotigo,  Augi*!  20,  1045. 

IMv.IV21I.4-M2 

23.  OHItl)  01 18.  TV  '  .rminatiem  of  MCE,  liy  T.  H.  |g>r, 
J.  W.  Hpiiko,  nml  Curl  Xfomnnn,  California  Inoiltnio  of 
Tooli oology,  Oriolirr  l«,  1045.  Div.  (V422.43-M  I 

24.  OHItl)  0301.  Tkr  Prrpamlion  of  MCE  amt  MEI,  liy  It.  I,, 

.fr-nkin*  nml  K.  K.  Ilnnly,  Mon*nnto  Chemical  Com- 
pnn.v,  Ivcrmlirr  31,  1045.  Div.  0-2II.5-M2 

25.  OHItl)  (MOO.  .4  it  Ineratigatinn  of  a  AVtr  Group  of  German 

IIW  Gaara,  by  It.  C.  Ku*on,  I..  J.  Itml,  B.  II.  Vrlirn, 
J.  Bnilnr,  Jr.,  nml  (.*.  (’.  Prior,  Inlvrmit.v  of  lllinoi*, 
Doowlirr  I,  IIM5.  IMv.  0-2II..VMI 


OSRT)  INFORMAL  REPORTS 

20.  Conlmrt  NDCrr-132,  t'nivrrxlt.v  of  (liirngo  Toxiriiv 
Imhorntory,  K  M.  K.  (Soiling.  Inf.  Monlli.  Pr.ig.  'S-pt*. 
on  Toxicity  of  ( 'liomioiil  Wnrfnrr  Agont*  (NDItC  IM-A 
nml  0:4:1).  Div.  O-125-Mt 

Div.  9-I25-M2 

«.  Hrpt.  of  Hrjitcmlrr  22,  I1M2. 

b.  Itr|il.  of  Oriolirr  24  MM2. 

c.  llr|rt.  of  Novcml**  17,  1042. 

<1.  Kept.  of  Drrrmlirr  31,  1042. 

r,  0:4:1  No.  I,  Kdtnmry  10,  l!M3. 

f.  0:4:1  No.  2.  Mnrrh  10,  1043. 

g.  9:4:1  No.  3.  April  10.  1043. 

h.  0:4:1  No.  4,  Mnv  10.  I1M3. 

i.  0:4:1  No.  3,  June  10.  1043. 

j.  0*4:1  No.  it,  July  10.  BM3. 

It.  0:4:1  No.  8,  8eptemlx-r  10,  1043. 

l.  0:4:1  No.  10.  Xovmilirr  10,  1043. 

m.  0:4:1  No.  II,  Drcrmlirr  10,  1043. 

n.  0:41  No  12,  Jnnuary  10,  1044. 

o.  0:4:1  No.  13,  Krlwunry  10,  IOI4. 

p.  0:4:1  No.  14.  Mnrrh  10.  1044 

q.  0:4:1  No.  15.  April  10.  1044. 

r.  0:4:1  No.  I«.  Mny  10,  1014. 

*.  0:4:1  No  22.  Novrnilirr  10,  1041. 


I.  0:4:1  No.  24,  .Inmuiry  10,  1045. 

II.  0:4:1  No.  25.  February  28,  IIM5. 

27.  Contract  OKM*r-07, 1  own  State  College,  limin'  (Sihumi. 

Inf.  Mimth.  I’rog.  Kept*. 

n.  Mn.v  1042. 

b.  June  1042. 

r.  Hrptrmlirr  11442. 

il.  Oriolirr  1042. 

i*.  Novrmlirr  1042. 

f.  Drrrmlirr  I1M2. 

g.  Jnniiiiry  1043. 

h.  February  10, 1043. 

i.  Mnrrh  10,  1013. 

j.  April  10,  1043. 

k.  Mn.v  10,  DM3. 

l.  Jtinr  10,  1043. 

m.  July  10, 1043. 

n.  Align*!  10,  1043 

o.  Hr|»lrmlirr  10, 1043. 

p.  Novrmlirr  10,  1043. 

q.  Dmemtirr  10,  IIM3. 

r.  Krbnmry  10,  1044. 

28.  ('onlmrt  ()KM*r»200,  I'nlvcmlty  of  lllinol*,  I,.  K. 

Amlrlrlli  nml  J.  ('.  Bnilnr.  Inf.  Itrpl*. 

n.  NDItC  IV0  Inf.  Itrpl.  No.  t'XM  on  Yapor  Prrn- 
tttrr  of  Artinr  Diunlmt  in  Tkionyl  Ckloriilr  p- 
Etkyl-nitrobrntrnr,  l-NUropmpanr,  Trirthyl  Bnratr, 
and  Tributyl  Boratr,  June  17,  1042. 

IMv.  0-213.  t-M  I 

b.  NDItC  IVfl  Inf.  Itrpl.  No.  CXI.  on  Tkr  Dialkyl 
Monollnopkoapkatr*,  Junr  ID,  1042. 

IMv.  0-21 1.12-MI 

r.  NDItC  M  Inf.  Itrpl.  No.  Ct.VI!  on  Fluophna- 
liknlr*  ami  Rrlntnl  Comiionmla,  Jutv  15,  BM2. 

Div.IV2ll.l-MI 

il.  NDItC  lUt  Inf.  Itrpl.  No.  CI.XXX  on  Yapor 
krrttiirrt  of  Diethyl  Pliiophoaphalr,  Ethyl  Difluo- 
phoaphatr.  Dimethyl  Pliiophoaphalr,  Ethyl  Plunnnl • 
fonatr,  amt  Trimrrir  Phoaphonitrilir  Chloride, 
Align*!  15,  1042.  IMv.  0-252-M2 

r.  NDItC  IV«  Inf.  Itrpl.  No.  Cl.XXXVIll  on  The 
Alkyl  Ditluopkoaphatea  and  the  Mono-  amt  Difluo- 
Ihinphnaphntra,  Hrplrmlrf  15,  1042. 

Div.  IV2II.I2-M2 

f.  Inf.  Ilrpt.  on  Fliiophoaphnlra  nml  Rrlntnl  Com- 
potinda,  Oriolirr  15,  1042.  IMv.  1V2I1.I-MI 

g.  Inf.  Itrpl.  on  Fluoiihoaphatra  amt  Itrlalnt  Com- 
pniinda,  Novrmlirr  15.  BM2.  IMv.  IV2II.I-MI 

II.  Inf.  Itrpl.  on  Flnophoaphntra  amt  Rrlntnl  Com¬ 
pound  t —  VI,  flrrrnibrr  15,  1942. 

IMv.  IV2II.I-MI 

i.  Inf.  Itrpl.  on  Fluaphoafihntr*  ami  Itrlatnl  Com- 
pound*--  VIII,  February  15,  1943. 

IMv.  IV2II.I-MI 

j.  Inf.  Itrpl.  on  Flunphoaphalr*  and  Rrlalrd  foot¬ 
pound*  —  X,  April  13,  10 13.  Div.  *V2I  l.l-Ml 

k.  Inf.  Itrpl.  on  .1  .Vmr  Method  for  Ihr  Synthrnia  of 

l‘hm)ikorid  I'hlomflnoeidr  MS  ,F,  Align*!  15, 
1043.  Div.  9-21 1.2- Ml 

l.  Inf.  Itrpl.  on  Fliiopkoaphnlr *  niul  Rrlntnl  t'nm- 
imund*  XII,  Ortolrr  15,  1043. 


IMv.  0  122-MI 
Div.  IVI22-M2 
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BIRl.tOGRAPHY 


m.  Ini',  Ilrpt.  on  Plno)ihoaphntra  and  Related  Com- 

fmumlt,  Niivcmlicr  15, 1  IMS,  |)lv,  9. 2 1  l.l-Ml 

».  (Vmtmn  ()KM»r>304,  IVvmliy  of  WMr.m«in,  llomrr 
Adkin*.  Inf.  Month.  Pm*.  Kept.,  May  9,  1942. 

Dfv.  0-504-M2 

SO.  CVmin.fi  <)KM»r-394,  rnlvrndty  of  Oilm«n.  M.  8. 
Klmniwh,  Inf.  Month.  Pm*.  Kept*.  I)lv.  0-2II.4-M2 

n.  Aftrll  15,  1 94S. 

It.  Mn.v  10,  1943. 
r.  Jmtr  10,  1943. 
tl.  .\u*'»f  10,  MM3, 
f.  Hrplcmlirr  8,  MM3, 
f.  Ortolirr  9,  MM3. 

*.  Join*  13,  MM5. 

31.  (Vmtmrt  OKM-nAOS,  rnlvrndty  of  lllinok,  Chnrtm  V. 
I*rlfr.  Inf.  Month,  Pm*.  Itnptn.  |)|v.  0-223.1 -Mo 

a.  January  10,  MMI. 

It.  Mn.v  10,  MM4. 
f.  Juno  10,  MM4. 

32.  (Vmtmn  OKMrmr-24,  Wllmcr  Imdltutr,  Thr  John* 
llopkitiM  rnlvrndty,  A.  t\  Wood*  nml  .1.  8,  Krleden- 
wnkl. 


a.  Ilrpt.  Xo.  40.  St uri ir*  on  thr  Ocular  Rrartiona  of 
Rnbbita  In  Di-iaopropyl  Plnorophoaphntr  (PP.1),  liy 
II.  Srlmlx,  Hrptrinlirr  20,  1943. 

I»v.  9-31  l.l-Ml 

It.  Kept.  Xo.  42.  Thr  Prat,  rtion  of  PP.1  Poiaonrd  Halo 
OH)l  Mirr  by  thr  Syatrmir  Adminiatmlion  of  Drug*, 
*’.V  J. «.  Frinlonwnld  and  II.  ().  Hrlml*,  Ortolirr  19, 
,!M3-  _  Div.  9-52I-M2 

f.  Ilfpt.  Xo.  43.  Thr  Rffrrt  of  PP.1  no  Homan  Eyra, 
l»y  II.  O.  Srlmlx  and  I,.  .1.  Wallen,  Xovrmlirr  22, 
„„  „  1,M3-  Div.  9-3II.I-M2 

33.  (imlnift  OKMnnr-243.  (’omrll  Ciiivrndtv  Mrdirnl 
(Vi0r*p,  MeKnm  Cattrll. 

a.  Kept.  Xo.  21.  Pharmandnyy  of  PP.1  in  Ihr  Cot,  by 
MrKrrn  CnttMl  and  llarry  Cold,  June  10,  1945. 

,  .  Div.  0-31  ).I-M4 

'»•  ,frl".  Xo.  22A.  PP.1  io  Mynrikrnia  (iraria. 


„  Div.  !k-»20-M2 

34.  C  .m.rart  OKMhMC.  loan  Slate  <V.llr«r,  Hmrv  Oilman. 
1  nmvpnndrner. 
a.  July  2,  MM2, 
h.  Am«im  4,  MM2. 


35.  (Vmtmn  OKMar-StM.  I’nivendl.v  of  (1ijra*o,  M.  S. 
Kltaranrh.  (VinrapittMlmier. 
a.  Oonda-r  21,  MM3. 

It.  June  21.  MM3. 


MrscEi.uxmrs 

30.  (Vmtmn  OKM»r->M5,  Mniiwiitn  Chmiiml  CVmipnnv. 
II.  I..  Jcnkin-  and  K.  K.  Hardy.  Miarrllanmua  Re, met  at. 
Ihr  Phyrintmiirol  Action  of  PF-t  a*  Otmrmd  During 
Ijebnentory  nml  P,ln I  phot  I  mctlipnlinn  of  thin  Ceom 
/«»"«/,  undated.  |Hv.  9-3IM.M5 

37.  XIMIC  111 vi> ion  tl  Informal  Mi'tnorandiitn  Xo.  4,  Sum- 
mnry  of  thin  no  Di-innprnpyl  F/itnmphoaphalr  amt  Itr- 
hM  I.y  Horner  W.  Smith  and  Mamhall 

Cat.*,  Ortolirr  I.  1914.  Div.  9-3H.I-M3 
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rxmil)  STATUS  ARMY  HEWHiTS 
Chemical  Warfare  Service 

38.  PATH  7R.  Conatanta  amt  Phyaiologiral  Action  of  Chemical 

Warfare  Agent  a,  July  1932. 

39.  f.ATII  251.  Thr  Detection  of  llyitnayonir  Anil  by  (him, 
Mitffh  31,  1038. 

40.  Medical  DivMon  Kept.  Xo.  I.  Mioaia  of  ihr  Politician 
Trot  for  Hnfrr  Contamination  by  PP-1,  Srotrmlmr  28. 
MM4. 

41.  Medical  Dlvlahm  Kept.  Xo.  0.  Thr  Detection  if  Organic 
Fluor i nr  Compoumla  in  Water,  Ortola-r  31,  MM4. 

42.  Mrdirnl  DivMon  Ilrpt.  Xo.  7.  Pirtei  Tratina  of  Spot  Trot 
Procedure  for  Detection  of  Flunmdlrynnir  Commmnila  in 
Water,  Marrli  8,  MM5. 

43.  Mrdirnl  DivMon  Ilrpt.  Xo.  20.  Thr  Mrrhaniam  of  De¬ 
toxification  of  PP.1  ami  Related  Flunrnphoaphatra  in  thr 
Animal  Orgnniam,  March  30,  1945. 

44.  Mrdirnl  DivMon  Ilrpt.  Xo.  35.  Thr  ttryrnrmtion  of 
Choi inratr roar  Artirity  in  PP.1  Poiaoniny  amt  thr  Kffni  of 
tnjrrtnl  Chohocntrmnr  Pnpnmtiaoa  in  Sormal  nml  PP.1 
Poiaonni  Animate,  June  21.  1945. 

45.  Medical  DivMon  Kept.  Xo.  48.  Mntlr  of  Action  of  Sub- 
atilnlnl  Carbomir  Eaten  nml  a  Compnriaon  of  Thrir 
Ail  ion  on  Arrtytcholinr  Ratrmac  Artirity  with  that  if  Di - 
lanprnpyt  Flnnmphoaiihnlr  in  Vim  nml  in  Vitro,  All* 
(Plat  28,  MM5. 

40.  Medical  DivMon  Kept.  Xo.  00.  Thr  Hrlatinnahip  Re 
timn  Chntincatrmar  Inhibition  anil  Ihr  Pharmarotoyicot 
Action  of  PP.1,  Jnnimry  30,  1940. 

47.  Medical  DivMon  Kept.  Xo.  71.  Thr  Chronir  Toxicity  of 
PP.1  in  Doga,  Mnnkrya  nml  Hole,  January  31,  1010. 

48.  MllljHA)  Kept.  Xo.  25.  Thr  Mrrhaniam  cf  In  Vitmnml 
In  I  im  Inhibition  if  Chnlimalrmar  Artirity  by  PP-1  in 
thr  Hnhu.i,  Monkey,  amt  Mnn,  May  10,  MM4. 

40.  TDMIt  5-10.  Dimethyl,  Dirthyt,  and  Diianpropyt  Pliinro- 
ohoaphatra;  WV.'  Toxirily  by  Skin  Abanrption:  Mnlian 
Drlirtnhlr  Cnnrrnlmlinn;  Kyr  Kffrcta  amt  Slant  of  Action, 
Jnnimry  28,  MM3. 

50.  TDMH  013.  Quantitatin'  Ihlrrminalian  of  Flooro/thon- 
phntta,  April  7.  MM3. 

51.  TDMH  015.  Million  Drlrrtnblr  Comenlmtiona  by  thtnr 
of  Plant  Run  Moatnnt,  Plant  Ron  Ismioitr,  amt  Pilot 
Plant  Rthyl  Xitmgm  Mualanl,  April  III,  MM3. 

52.  TDMII  028.  Diianpropyt  Fluorophimiihalr:  P.ffrrlinnraa 
naan  Inmporilating  Agrnl,  May  I,  MM3. 

.»3.  TDMII  051.  Thr  Phnrmnmtynnmica  of  Diianpropyt 
Fliiorophonphalr,  May  18,  MM3. 

54.  TDMIi  074.  Thr  F.ffrrt  of  Smrnl  Chemical  Warfare 
A  or  alt  on  thrKmtarhmrra  Rrftrx  in  Raht„tn.J, tnc  10,  MM3. 

.».t.  TDMH  008.  Pliiomphoaiihatra  ami  t'yannlra:  A  Mrthml 
of  Kmliinliny  thrir  S/irnl  of  Action,  Rate  of  Ititojiaihon, 
ami  Toxicity,  Au*u»t  30,  MM3. 

50.  TDMH  832.  Diianpropyt  PI Wnp/mx/iWr,  May  I,  MM4. 
TDMH  8.M.  Protection  AffnnIrtI  by  Caniatrra  Ayainat 
Diimipmpyl  Flimraidniai.hntr  nml  Dii.-lliyl  Pluorophoa- 
l*nti,  June  28,  MMI. 

58.  Tl »M II  887.  Identification  of  Ayi nla  Containing  Fluorine: 

I.  t  ar  of  Plain  Silira  (irl  Tobin,  Scptcinlier  8,  MMI. 

•i0.  TDMH  1004.  Protection  Affonhd  by  Caniatira  Ai/nina! 
Methyl  Ethyl  FliwmphlMphati ,  May  24,  MM5, 
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<10.  TDMIl  »0M.  Phyniral  Conntantr of  MCE,  July  in,  IW.V 
HI.  TDMIl  1121.  Thi  Ihplndynin  of  MCE,  Au*u»t  27,  IM.V 
<12.  TDM  II  1 123.  ('nm/muml  Mt'lt:  RMimation  of  Cnncrn- 
trillion  in  Air  mol  Sorption  by  Charcoal,  Ailfttinl  21,  IMS. 
H3.  Til  Ml  0.  Diinopropi/I  Flunmphonphnlr:  Phyrinlayiral 
Rflrrtiecnrm  on  Primate *,  Ontolinr  25,  IMS. 

H4.  Til  Ml  21.-  Diinnpropyl  Fluoraphnnphatr:  Phipioloyieal 
Eflertircnem  on  Primatrn.  Study  .Vo.  -J,  IVrrmliit  31, 
IMS. 

(13,  TUMI  2H,  Mnlion  Detectable  Cnnccntmlinnn  by  (hlnr  of 
Variiomolinlillnl  II,  Thimliglycnl  II,  noil  Stmmolinlitlrd 
II,  A|ml  12,  IM4. 

HH.  Mrilienl  DivMon  (lalftrw.toil  Amount)  Inf.  Month. 
I’m*.  Unpin, 
ti.  Ortnlmr  IM4. 

It.  Drnoinlior  IU4I. 

o.  .Iiiminry  IMS. 
tl.  Kehrunry  IM.V 
n.  Mnrrli  IIM.V 

f.  April  IIM.V 
ft.  Mny  IIM.V 

h.  .hint'  IIM.V 

1.  July  I  IM.V. 

j.  AiikuhI  IIM.V 

k.  Hnptoliilier  IIM.V 

l.  Ortnlmr  IIMV 

m.  Xnvnmlirr  IIM.V 

n.  Jntttwry  IIMH  ((Junrtnrly  Pn*m*<  llrporl ». 

p.  April  IIMH ((Junrtnrly  Pntftrmnt  llrporl). 

H7.  Motllnnl  Itnnonmh  l.nlinmtnry  (Ktlftrwnotl  Amrnnl),  Inf. 
MlHllll.  Pro*.  llrplH. 

n.  Auftttrt  IMS. 

It.  Soptoinltrr  IIM3. 
n.  (Kiolmr  IMS. 
tl.  Nnvnmlirr  IMS. 
r.  Dmeinlmr  IMS. 
f.  Mnrrli  1044. 
r.  Mny  IM4. 

HH.  Toxlnohiftinil  lliwnmli  hilmnilory  ( Kilftett  innl  Amrnnl), 
Inf.  Month.  Pro*.  Unpin, 
n.  July  IM4. 

It.  Annual  IM4. 

(111.  ('outrun  W-4H-H.17-l'V.‘<2S,  t'nlvnmliy  of  Chlniifto 
Toxlnliy  Dilmmiory.  Inf.  Mouilt.  I*mft.  Unpin,  on 
Toxicity  ami  Irritancy  of  Chemical  Agent*. 
n.  No.  NX  I,  April  15,  IMA. 

It.  No.  NX  2.  Mny  15,  IM.V 
n.  No.  NX  3.  June  15,  IM.V 
<1.  No.  NX  4,  July  15.  IMS. 
r.  No.  NX  5,  Aufttmi  IS,  IMS. 
f.  No.  NX  7.  Orl  niter  IS,  IMS. 

II.  No.  NX  H,  Dwrmlmr  15,  IMS. 

It.  No.  NX.  tl,  Wminrj'  IS,  IIMH. 

i.  No.  NX  II,  June  IS,  IMH. 

70.  Mnmoramliim  for  llte  (Stiff,  Chnmlnnl  Warfare  tfrrvinn, 
on  AVir  Herman  Toxic  Agmt  (.(  («),  Mav  21,  IM.S. 

MlSCELLASEOt’S 

71.  Kirn!  (Jeneml  llon|i>lnl,  HI4lh  llon|tilal  (’enter,  AMI  XS7, 
Mi  mornmtum  on  Clinical  Ue)mri  of  Accidental  Chemical 
Wnrfnrt  Injury  line  to  A  Ifni  l,  PKI,  Mn.V  14,  IMS. 


72.  Illtelliftenre  Division  lln|Mirt  No.  3S0S.  Tirhnnul  In¬ 
formation  on  Talma  ami  Sarin,  Juni>  s.  IMS, 

73.  Intnlliftmw  Divlnlou  lln|Htrl  No.  41*111.  tieromn  Vietnm 
Pharmacology  anil  Thcra/ientim  if  11‘ttr  Horn  «,  Annual.  22, 
IMS. 

74.  IntnlllftPiim  Divlnlou  lln|»trl  No.  3H74.  (ClOU  K.vnlu* 
nl ion  llnporl  No.  II,  (’!('  75  4).  Information  on  a  Xrir 
(irony  of  Toxic  H'rtr  (inner,  April  21,  IMS. 


V SITE!)  STATES  SAW  REIHIRTS 
Sami  Rrncnrrh  Laboratory 

75.  HX77-2  145IMIWC  KAU).  The  Adnorption  if  Diimb 
propyl  I'looroiihoniihatr  hy  I mprrgmitnl  Chanool,  Mny  10, 
IMS. 

OFFICE  OF  STRA  TEGIC  SERVICES  REI*ORTS 

70.  laiter  with  Kncluanwe,  A.  (I,  Noliln  (Major,  CWH)  to 
W.  It.  Kintor,  Cltlnf  NDIIC  Divlnion  0,  Hrptnnilier  20, 
1M4. 

RRITtSIf  REimrS 

Chi  mirat  Dt/ruer  Rntcarch  Station,  Parian 

77.  Port  on  Mrmominlum  No.  IS.  Clnmifinl  hint  of  Cnm- 
ponmln  Examined  Phyri  Magically  Since  HUH,  Ortolan- 
IMI,  and  Atltlnnt Inni  I,  Juno  4,  IMS. 

7H.  Pttrlolt  Uf|nirt  No.  2370  (Ailtlnutliini).  .1  Snyyentnl 
Mrihml  nf  ( ’ring  the  Range-Finder  in  (inn  Chamber  anil 
Field  Work,  June  3.  IM2. 

70.  INtrton  Un|Mtrt  No.  2441.  Anrmnmrnt  if  Ihc  Hamming 
Effect’  if  Diinnpropyl  Flunmphnnphatr  amt  Ditlhyl  Flu- 
iimphor/dialr.  Ortolirr  31,  IM2. 

HO.  Portoll  ltr|iort  No.  2540.  A  Nctr  Tilrimrtric  Mrihml  far 
the  Kdimatinn  if  Fluorine,  Ortolmr  H,  IMS, 

HI.  Pitrlon  llniairl  No.  2SS7.  The  Rnlimalion  nf  Organic 
Fluorine  Cnmpnundr.  Carl  II.  liialkyl  Flnnmphonphalrn. 
Knltrunry  4,  IIM4. 

H2.  Portoll  |{t'|Mirt  No.  2SH0.  T rid <4-4  ‘hlnraethyllh  io)Phon- 
lihinr  ( T.IMA )  ami  Retain!  Cimt/niundii,  Jnnunry  20, 
IM4. 

H3.  Portoll  llnporl  No.  25H0.  Toxicity  of  T.t'M  Vapour, 
Jnnunry  2X,  IM4. 

HI.  Portoii  lin|iort  No.  2502.  An  Inendignlion  into  Ihr  Poten¬ 
tial  it  ii  «  nf  Diinnpropyl  Flnomphnnphnlr  I'rt/mn.’  ill  He- 
• pert  if  the  Pmliirlinn  nf  Rip-  Carnal  tier,  Knlirunry  3, 
IM4. 

X5.  INtrton  lln|nirt  No.  2503.  Kinrlica  of  lliplmlynin  nf  Di- 
inopmpyl  Fhinrophimidiatr  (T.liul),  Knltmnrv  2,  IM4. 

HH.  Potion  !tn|i»in  No.  2032.  The  Toxicity  and  Stability  of 
PF-I  ami  TJm»,  July  17,  IM4. 

K7.  Portoll  llnjiort  No.  2003.  The  Toxicity,  Symplnmn,  Pa¬ 
thology,  ami  Treatment  nf  T.JUC,  Pnimning  in  Animnbi, 
AoftUrf  III,  IMS,  nntl  Addendum  I,  Hrplrnil«*r  27,  1045. 

HH,  Porton  Un|ntrt  No.  2H0H.  Eye  Efliiin  if  7.4/111,  Hrpteltl- 
Imr  2K,  IMS. 

HO.  Pin.  II**)  (T.S4I5I.  Tabular  Summary  if  Pm/iertirn, 
Pndulinn,  tlr.,  and  Cimndrcntinn  on  Allirnalr  Chninjinyn 
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/«  .1  V  II", n/mn*  (Bomb*  ninl  Slimy)  of  I’hmninl  IIV?r. 
furt  Aytnl*,  Anril  20,  IIM3. 

00.  4240  (V.3U.3H).  Isilmmtury  Kmminntirm  nf  Fillitty 

in  (Irrmnn  (irrrn  Hiny  .1  (In*  SMI,  MrtV  4,  104.3. 

01.  I’m.  4240  (V.0OI2).  Hntr  of  Km/mmlinn  nml  Ihlttinbil- 
ily  In i  Smrll  nf  Ihr  I'om/mnml  All*,  1*1  7,  104.3. 

02.  Illl.  IIMI  (M.7XII).  Phynintm/irnl  Trot*  tin  Phn*)thtiriit 
Oxyrhlnritlr  ntnl  I’hiut/ihnni*  Prnlnrhloritlr,  by  A.  Fairirv, 

Jiiin>  .3,  1042. 

03.  I'ln.  J2W)  (T.trtXO).  Fliinrtilihtu/ihnlr*  ant!  Flnnmnrrlnlr*, 

July  27.  low. 

04.  Kin.  4200  (T.  14330).  Prnyrr**  nf  Wnrk  nn  Flnnmnrrlnlr* 
nml  Fliiiiniiihii*iiliiitt»:  1*1  I iilirim  ffrjwrf,  Xnvrnilrr  2, 
1043. 

0.3.  Kill.  4200  (  r.llllOI ).  Thr  l)tiit tinn  nf  f.l»\  Ayrnl*  Con- 
Imiiimj  Flmrinr:  Jml  Inlrrim  Hrpttrl,  Drrrmlrr  4,  1043. 

tm.  I'm.  4200  (l‘..VI07).  Thr  Drlrrlinn  nf  CAT.  April*  Ctm- 
Itlininy  Flimrtnr:  .Ini  Inlrrim  Hr/mrl,  April  24,  1014. 

07.  I'm.  4200  H'.mitt).  Thr  Drlrrlinn  nt  (MV.  Ayrnl*  Pnn • 
tnininy  Fhtnrinr:  flh  Inlrrim  Hr /mrt,  July  20,  1014. 

00.  I'm.  4201  ( I  ‘.0700).  Drlrrminnlinn  nf  Hn*ir  I  kiln  nn  thr 
Hair  nf  Km/mmlinn  nf  PF-i  in  thr  Firlti,  July  17,  1044. 

00.  3.0170.  Slump  nf  AF-t  nml  l‘F-1,  July  22,  1044. 

Umtrnrch  Kittabli.ih limit,  Sutton  Onk 

100.  0.0.  (M3.  Di-inn/im/iyt  Fliinrniihn*phnlr  Inrirtrnt,  Srtlnn 
Dnk,  Xrptrmlirr  14,  103-4. 

101.  S.O.  |(  (tINi.  ,|n  Im/tmrttl  Miihml  fur  thr  Drlrrminnlinn 
nt  Flunrinr  in  Alilihnlir  Fliiiirmf'iim/niiHtl *  nml  Flnnni • 
l>hn*iihnlr*,  April  2H,  1IM4. 

102.  Y.  IX3II0.  Xnlrt i  nit  Pn/mmlinn  nf  Mrlht/I  Fhitnnnrrlnlr, 
Ftniinnihyl  Alrnhnl,  ami  Diimi/im/tyl  Flnnmiihtmiihalr, 
Ihrmilirr  20,  1043. 

Extramural  Rrmnrrh 

103.  CtunliriflKi*  IliorlH'iniml  fmliumtory  (M.  Dixnii )  V,\i2.30. 
Mntlr  nf  Artinn  nf  Fhwrii)ihn*iihnlr  K*hr*,  irilh  nn 
Fmi/nir  Tint  fur  Ihiir  I’nimry,  liv  .1.  (■’.  Mtirk Worth, 
Mnrrli  1012. 

104.  Ciirnhriilne  Kxininiuml  Truin*  Olnlion  (K.  I).  Ailrinn) 

ti,  XZ.7I  (V.  1333.3).  /V  y*inloyirat  Kmminnlitm  nf 
Dimtlhyl  Ft  nnrufiti  *t/thn!r,  |»y  ||.  Mrt'itmliir, 
K.  I).  Ailrinn,  II.  A.  Killiv,  nml  M.  Killiy,  Or- 
tulirr  0,  1014. 

It.  XZ.02  (V.23240A).  I>hy*inliifiirnl  Kmminnlinn  nf  n 
Xiimtnrnf  Alkyl  Flmini)ihii*iihnlr*,  by  It.  A.  Killiy, 
M,  Killiy,  II.  MiH'iiiiiIiIi',  mill  jt.  (',  Nmimln>, 
Mnrrli  I,  1012. 

r.  XZ  03  (V  2321014).  PhytiiJm/iml  Kmminnlitm  nf 
hlhyl  Mila/thm/thalt  nml  Diiihyl  1‘hlnmphtaiihnlr, 
liv  II.  Mrt  ouiiw.  14.  A.  Killiv,  M.  Killiv.  awl 
R.  (’.  3Un4i  4.  INJ. 

<1.  XZ.WII  (X.ViXSI.  Tin  Phy*tnlnt/iml  Kmminnliim 
nf  (1„l-llt~(  Thinrlhi/I  )l)i  Ihi/lmtfhiflnminr  nml  Di- 
tlhyl  Thill,  t/tino/ihm/ibnlt,  by  If.  Mrt  'omliir,  It,  A. 
Killiy,  M.  Killiy,  mill  j;.  1 1.  Ailrinn,  Mn.v  II,  1042. 

**.  X  3. 10.3  (tt.KIOIt).  Phyinlinjirn!  Kmminnlinn  of 
Dimtiiirniii/I  FI inirniihn*iihntr,  liv  K.  I).  Ailrinn, 
14.  A.  Killiy,  m.il  M.  Killiv,  Ampin  12,  1012. 


f.  XZ  10.3  (W.IIMOO).  I’liiiMinlittiiiiil  Kfiliiiiiiilllini  nf 
Ctrlnin  I'hiu/ihnlr  K*t<r*,  liy  II.  A.  Killiy  nml  M. 
Killiy,  Srpldiilirr  10,  1042. 

*.  XZ.I00  (W.  122X3).  Phy*inlnyiml  Kmminnlinn  nf 
Prrlnin  Phn*/ihnlr  h*lrr*.  II,  liy  ll.  A.  Killiy  nllil 
M.  Killiy,  Orlnlrr  K.  1042. 

Ii.  XZ.I4  I  (W.  143)40).  I'liyfiotoijirnl  Kmininnhini  nf 
DUnn/irniiiil  Fhiiiriijiliimfihnlr,  liy  A.  M.  Hnrn*tl, 
3V.  MiIInt*.  II.  A.  Killiy,  nml  M.  Killiy,  X'nwiu* 
lx>r  III,  1042. 

i.  XZ.H4  (W. 4. 3200).  Phy*inlnyirnl  Kminiiinliini  nf 
Di-nrc-hntyl  Fliinrii)ihi»fihnlr,  liy  It.  Kllli.V  mill 
M.  Killiy,  Nnvnmlirr  20,  1012. 

j.  XZ.IIO  (W.  17732).  1‘hyninlnyiml  Kmminnlinn  of 
(’rtinin  1‘hntfthnlr  Kulrr*.  Ill,  liy  14.  A.  Killiy  nml 
M.  Killiy,  Jnnunry  7,  1043. 

k.  XZ.IIM  (tV.  1 7732).  Phynintnyirnl  Kmminnlini  nf 
Phn*ithnrn*  Oxylluoriilr  (T.  1 1  Ilf),  liy  II.  A.  Kllli.V 
mill  M.  Killiy,  Jmiimry  7, 1043. 

l.  XZ.I27  (V.,3444).  Phytinlnyirnl  Kmminnlinn  if 
Diryrlnhrxi/I  Fliwro/ihnn/ihatr  ( T.tS/,ll ),  by  II.  A. 
Kilby  mill  M.  Killiv,  Mn.v  2.3,  l!M3. 

m.  XZ.I3I  (Y.7S33).  Srrnml  Siinry  if  Tntirilir*  nf 
Fliimmnrrlntr*  nml  Itrlnlitl  ('nmimionl*,  by  14.  A. 
Kilbj  mni  Al.  Kilby,  Join*  10,  1043. 

n.  XZ.I42  ( Y.IIKMH).  Summary  nf  HW1-  nn  thr  Trml - 
mml  nf  Flnomnrrlnlr  nml  Flnnrniihn*iihnlr  Pnimim 

iny.  I,  bv  K.  I>.  Ailrinn,  K.  J.  (‘nrinmtiT,  mul 
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0X1(1)  40(1M.  Thr  ynmma-FInnmhnlyralm  nml  Hrlnlnl 
Tn.rir  i’ampanmlii,  hy  Morrix  X.  Kliiiruxrh,  1‘nivorxity  of 
Chieago,  July  It,  H*I4.  Div.  0-231. 32-M2 

OXHD  4051.  Srlmhlm,  hy  Charie*  I).  Hurd,  North* 
wwimi  l 'niverxlty,  Aiwni-i  22,  11M4.  Div.  O-214-Mt 
0X1(1)  4055.  Thr  Turin. y  nf  f'nm^mnmit  Cnnlnining 
Flnnrinr,  II,  hy  Morrlx  X.  Kliaraaeh,  I'tiiverxlty  of 
<’hien«o,  Attgtixt  22, 11*44.  Div.  1M50.M2 
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Conlraet  Ol-’.M»r-3!*l,  Cnivefiiv  of  Chieago,  Mnrrl*  X. 
Kharureh.  N|)I(C  11:2:1  llif.  Kept.  No.  *4,  Thi  fVe/wru- 
linn  of  J-Fliuirinlhyl  \itrwnnni Imiimli m,  Noveinlx'r  21, 
11*43.  Div.  0-222.3-M4 
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3!.  Contract  OKMi<r-3!M,  I’nlvcwity  of  Chicn*o,  Morrin  S. 
KImiiimcIi.  Inf.  Month.  I’m*.  Hepln. 
h.  April  I  IMS. 
h.  Heplemlier  MM3, 
e.  Oetolier  MM3. 

<1.  Novcmlicr  MM4. 

32.  Contract  OKM»r-532,  Johnn  lto|>kin«  Cntvewlty,  Ham 

in'll  Cohen.  Inf.  Month.  Pro*.  llcpt.,  NDIIC  0:5:1 
No.  IH,  July  10,  MM4.  I Ji v.  0-2S.VM  14 

33.  Contract  OKMnr-340,  K.  I.  iluPont  «lc  Nctmmra  k  Co., 
Paul  I..  Haliticr*.  Inf.  Month.  Pro*,  Hcptn. 

a.  Ih'ccmlicr  MM3, 
h.  .Itmimrv  MM4. 

34.  CiMilract  OKM*r-33A,  New  York  1‘nlvcrnity,  Homer  W. 
Smith.  Inf.  Month.  Pm*.  Hcptn,,  NDIIC 0:3:1, 

Dlv.  0-321. 1-MI7 

it.  No.  21),  Heplemlier  10, 1044. 

It.  No.  22,  Novcmlicr  10,  MM4. 
c.  No.  211,  April  10,  MM3, 
il.  No.  2M,  July  10,  MM3. 

33.  Contract  OKMnr-303,  Cnivcmltv  of  lllinnin,  Clinrien  C. 
Price.  Inf  Month.  Pro*.  Hept.,  April  MM4. 

Dlv.  !KVM-M2 

30.  Contract  OKMnr-K43,  Monxanto  Chemical  Co.,  II.  I» 
Jenkinn.  Inf.  Month.  Pro*.  Hcptn.  Dlv.  0-252-M3 

Dlv.  t».23.VM  13 

a.  Kchmarv  1044. 
h.  March  1044. 
c.  Novcmlicr  1044. 

(I.  January  1043. 

37.  Contract  OKMar-1030,  New  York  Cnlvcraiiy,  11.  K. 
Cannnn  anil  Milton  levy.  Inf.  Month.  Pro*.  Hcptn., 
NDIIC  0:3:1.  Dlv.  !kW-M2 

a.  No.  10,  May  10,  1011. 

It.  No.  IS,  July  10,  M.II4. 

30.  Contract  OKMcmr-37,  Cnlvcralty  of  ChicaRo,  K.  8. 
(Suzman  Hamm. 

It.  On  Ihr  Mrrhnnifm  nf  Flnomnrrlnlr  Poimrning.  Inhi¬ 
bition  fey  Fluomarrlnlr  of  Folia  Arid  Mrlnhnlinm , 
AtiRitxt  21.  MM4.  Dtv.  0-351-Mt 

It.  Mlnmnlh.  Pro*,  llcpt.  No.  Ill,  Oetolier  4,  MM4. 

Dlv.  0-33I-M2 

c.  Mimonth.  Pr.i*.  Hept.  No.  20.  Dcccmlicr  I,  MM4. 

IHv.  04W7-M4 

30.  Contract  OKMcmr-30,  Johnn  llopkinx  I'nivcmity,  Curt 
P.  Hichtcc.  Hrrrnl  ll'nrt  on  ASTI'  Oml  tHhrr  j’oixnn*. 
May  10,  MM3.  ((Will)  limci  Control  Committee  lie* 
|n.rt  No.  70.)  Dlv.  0-721-M2 

40.  Contract  OKMcmr-245,  Conn'll  I'nivcmity  Motlicnl 
Colli '*c,  McKccn  Cat  tell. 

a.  Hept.  No.  13,  May  31,  MM4.  Dlv.  0-3S7-M3 
h.  Hept.  No.  14,  July  31,  M.M4.  Div.  0-520-Mt 
c.  Hept.  No.  13,  Scptcmlicr  13,  MM4.  Div.  0-307-M3 
il.  llcpt.  No.  22A,  July  30,  MM3.  Div.  D-32tS-MI 

41.  Coutrncin  OHHD  M-3MI7  ami  M-4100,  FMi  ami  Wllil- 
llfc  Service,  1C.  II.  Knlmlmrh. 

a.  Pro*.  Hept.  No.  0,  January  I,  MM3. 

It.  Pro*.  Hept.  No.  0,  April  I,  MM3, 
e.  Hept.  No.  10,  July  I,  1045. 


H  ISCELI.A  XEOl  "S 

42.  Mcmitrnmhim  mi  Animal  Poimm*,  hy  HlriWy  llettnlww 
to  W,  H.  Klnn*r  for  tratunnln.'ilim  to  It,  Trt'lchler,  Flnlt 
ami  Wlhlllfe  Service,  Decemlier  30,  MM3.  Dlv.  0*72l*Mt 

43.  A  Summary  nf  Fluor) nr  Compnauif*  fVr/Ktmf  or  Hr- 
aminnl  in  Ihr  Cnilnl  Stair*  In  Jnmmry  UK,  III  ft,  hy 
Mnmlmll  (latcn,  NDIIC  Divinkm  0,  February  17,  1014. 

Div.  tt.252-.M4  * 

44.  NDIIC  DivMon  0  Informal  Mcmornnihim  No.  3.  Mrlhi/I 

Fhiormntair  ( AF-I ,  MFA,  Tl.Vil,  T.IJOl),  hy  ttinlxcy 
Hcnalmw,  Mamhnll  Oaten,  ami  Homer  W.  Smith, 
May  13,  1044.  Div.  0-232. 1 -Ml 

43.  Itialcnt  Control  Sulicommlttce  of  tlic  OHHD  Innert 
Control  Committee,  Mlmttcn  of  Mcctm**. 
a.  Secuml  MeetluR,  Novcmlicr  30,  MM4. 
h.  Thlnl  Meet  In*,  January  20,  DMA. 
c.  Fourth  Meetln*,  March  30,  MM3, 
il.  Fifth  Meetln*,  May  23,  MM3. 

4(1.  Contract  OKMnr-117,  Iowa  Slate  Colle*e,  Henry  Cilnum. 
Correnjnmileuep. 
a.  Au*unt  4,  MM2. 

It.  Ikwntlier  Ml,  MM3. 

47.  Ciutlract  OKM*r-31M,  Cnlvemlty  of  CltlcaRii,  Morrin  S. 
Kliarnneh.  Correnpomlcnrv. 
a.  Fet mtnry  N,  MM3, 
h.  Fdaitary  IK,  MM3. 

C.  Decemlier  13,  I1M4. 

I ' XI  TED  STATES  ARMY  REPORTS 
Chrmiml  Warfare  Service 

4H.  HATH  1(13.  Prrpondion  anil  Phg*i<doyical  Arlion  nf 
InXfi-JIuoroHhiiO-nulflth,  January  22,  1084. 

40.  Mill.  Dlv.  Kept.  No.  0.  Thr  Dtirrtinn  of  Orgnnir  Flnarinr 
Compound*  in  Water,  Oetolier  31,  1044. 

30.  Meil.  Dlv.  Hept.  No.  7.  Fin Id  Tenting  of  Spot  Tot  Pro- 
miner  for  DrtrHinn  of  Flnoro-nrgnnir  Cominiuntl*  If)  ~  ’ 
ll’nlrr,  March  K,  MM3. 

31.  MIIMKA)  llcpt.  No.  10.  Thr  Cardim-  Arlion*  nf  Methyl 
Flnnmnrtiotr,  May  4,  MM  I. 

32.  TDMII  403.  l,i-thrhlom-lyi-di0Horo-ly!-tl>H)lmrlhnnr 
and  l-Chlonr-t,  3, 3d  rift nnm- 1 ,3-di n ilrtnihn nr:  Mrtlinn 
I  Mho!  Conrrnlralinn*  for  Mirr;  Idlrrimalnry  and  Ryr- 
irrilanl  Arlion*  on  Man,  Novcmlicr  K,  MM2. 

33.  TDMII  771.  Methyl  Flnnmurrlntr,  Novcmlicr  10,  MM3. 

34.  TDMII  772.  d-FImnvrlhyl  Ah  oh  id,  Novcmlicr  10,  MM3. 

33.  TDMII  KH7.  Idrntif  ration  of  Agrnl*  Containing  Flnorir.r: 

I,  Cor  of  Plain  Silira  (lei  Tnhr*,  Hcptcmln'r  H,  MM4. 

30.  CWS  Monthly  IVoRrenn  Hrpurt  on  Innect  anil  llmlciil 
Control,  No.  0,  AiikiinI  MM3. 

37.  Mini.  Div.  Inf.  Month.  Pro*,  tiepin, 
a.  Deeemhpr  15,  MMI. 

I*.  April  15,  MM3, 
e.  June  15,  MM3. 

5K.  Meilieul  Henetireli  Inilmmtory,  KiIrcwimmI  Amennl.  Inf. 
Month.  Pm*.  Hepm, 
a.  Seplemln'r  13,  MM3, 
h.  Oetolier  15,  MM3, 
r.  Novcmlicr  15,  MM3, 
il.  Deeemlier  15,  MM3. 


sFXKirr 


BIBLIOGRAPHY 


703 


r.  January  15,  1044. 
f.  Felmiary  15,  1044. 
ft.  Mnrrti  15,  1044. 

h.  April  15,  HM4. 

i.  May  15,  1044. 

j.  June*  15,  1044. 

k.  July  15,  1044. 

l.  Auftuxt  15,  11M4. 

50.  Contract  W-40-057-C ‘  W'8-23,  Cnivemily  of  Chiea*o 
Tu* icily  lolmmliHy.  Inf.  Month.  Pro*.  dept*.  on 
Tatirily  and  Irritancy  nf  Chemical  A  trait. 
a.  No.  NX  2.  Mnv  15. 1045. 
h.  No.  NX  3,  June  15,  1045. 
c.  No.  NX  4,  July  15,  1045. 

<1.  No.  NX  ft.  Heptenitu*r  15,  1045. 

MISCELLANEOUS 

00.  Report  to  tin*  Comma  ndittft  Oncml,  Ural  Service  Com* 
ninml,  on  Firld  Tnd  nf  Hadmliridr  —  Sodium  Fluartu 
aertatr,  l»y  It.  F.  (Jrccley,  May  10,  1045. 

III.  Field  7V*t*  nf  Hadmliridr  Sodium  Fluomarrtalr  ( Hadrnti- 
riilr  lost))  on  Wild  Firld  Rndrnl*,  l*y  M.  It.  Pryor,  Ninth 
Service  (*<imnianil,  Fort  Winfield  Scott,  California, 
June  14,  1015. 

02.  Menionimluni  »•>  llie  Surgeon  flcneml,  on  Rndrnhridr 
MHO,  Snlium  Flinironrrtalr,  by  It.  N.  Clark,  June  25, 
1015. 

Oil.  Firld  Trtt *  of  Hnlrnliridr  Snlium  Fluomarrtalr  am  Camp 
Cooke  Military  Rrtrrmlion,  by  M.  II.  Ituehler,  Jr., 
AuftteO  1045. 

UNITED  STATES  NAVY  REPORTS 

04.  Fiairteenlh  Naval  l)Wrict.  Memorandum  to  the  Ibireati 
of  Medicine  ami  Hutftcrv.  on  Supplrmnlnl  Report  am 
Trtt *  nf  "limn"  in  Not  I'nnlml,  by  M.  8,  J.ihneon, 
March  28.  1045. 

05.  Memoramlum  to  Inland  Comtnnml  Medical  Oflterr  on 
Trial  I'm  of  “insn"  Hnlr.iiiridr,  by  T.  H.  Murray, 
April  12. 1045. 

00.  Firld  Tint  I  Waft  W*l  lb+7-ntiride  nl  .Vary  liar  Forty  and 
.Vary  Oar  ThrrrOnr,  by  A.  K.  Cretan.  Malaria  ami  Kfib 
(lemic  (’onto. I  I'nit,  Navy  151,  April  27,  1045. 

UNITED  STATES  PUBLIC  HEALTH 
SERVICE  REPORTS 

07.  Hi  /tori  on  Chrmiml  IliHII,  by  It.  Kakey,  Typhua  Con* 
iml  Cult,  C.  S.  Public  Health  Service,  Atlanta,  Genrftin. 
May  0. 1045. 

OS.  Firld  Experiment*  During  Junr,  tit  in,  on  Ihr  I'm  nf 
I'll  iron *  UHm  ami  Anlu,  Cnndurtrd  5ft  U.S.  Public 
llmllh  Sirrin  Ptrtnnnrl  Engagnl  in  Ty/din*  I'nnlml 
Athrilirt,  by  J.  S.  Wilev,  Typhia*  Control  Section, 
July  17.  1045. 

UNITED  STATES  DEPARTMENT  OF 
INTERIOR  REPORTS 

00.  Iti/mrl  of  Tml  Hailing  of  Wharf  Halt  on  Ogdrn  dig  Gar* 
hnifi  Dump,  I 'ting  Snlium  Fluornnrrintr,  Cnmimuml 


.  flHHO,  lay  It.  8.  Zimmerman,  Fh*h  ami  Wildlife  Service," 
June  20, 1045. 

70.  Quarterly  deport,  4th  Quarter,  Fk*cnl  Year,  1045,  t".  8. 
Dept,  of  the  Interior,  Hr/mrl  if  Ihr  Artirilii*  of  Ihr  Wild¬ 
life  Hemnrrh  hnhnralnrg,  Draper,  Colorado,  by  K.  It. 
Kalmlaich  et  nl. 

UNITED  STATES-UNITED  KINGDOM 
REimrs 

Pmjrrt  Cimntination  SlnJI  ( Eilgiu'innl  Arsenal ) 

71.  PCS  ltept.  No.  0.  Rrtumr  of  Hrrrnl  finmrlnlgr  on  Ihr 
Trrhuiral  A*prrt*  nf  Chemical  Warfare  in  the  Firld, 
May  17,  1045. 

BRITISH  REPORTS 
Chemical  Defence  Experimental  Station,  Porton 

72.  Porton  Memorandum  No.  .15.  Ctamifinl  Lint  nf  Com- 
pound*  Ktaminrd  Phytioloyimlly  Simr  I »/»,  Or  toiler 
1041,  and'  Adilrmlnm  I,  June  4,  1045. 

73.  Porton  de|airt  No.  2544.  Thr  Toxicology  and  Pharma- 
mingy  of  T.IX02  in  Animal*,  trilh  Some  b'atr*  on  Experi¬ 
mental  Therapy  amt  on  Annlhrr  Toxir  II rial  inn,  T.  I  IMA, 
Srptemlier  20,  1043. 

74.  Porton  df|air1  No.  2540.  A  New  Titrimrlrir  Method  for 
Ihr  Kdimalian  of  Fluorine,  Oetolier  8,  1043. 

75.  Porton  lte|airt  No.  25541.  Thr  Krtimalion  of  Orgnnir 
Fluorine  Compound*.  Part  I.  Mrtkyt  Fluomarrtalr. 
Oetolier  27,  1043. 

70.  Porton  deport  No.  2033.  Thr  Taxirity  of  Mrthyt  Fhiom- 
arrMr  ami  Analogue*,  July  17,  1044. 

77.  Pin.  20*3  (C.4I6I).  Thr  Remora!  of  Fluomarrtalr*  from 
Water,  April  4,  1044. 

7K  Pin.  441110  (T.54I5).  Tabular  Summary  of  Pmprrtie a. 
Prediction,  rtr.,  and  Cantidrralian  a*  Altrrnatr  Charging* 
in  A  C  Weapon*  (Romh*  and  Spray)  nf  Chemical  War¬ 
fare  Agent*,  April  20,  1043. 

70.  Pin.  4280  (T.08H01.  Summary  of  Aeailablr  Data  on  Com¬ 
pound*  if  FlooroidHmphoIr  and  Fluomarrtalr  Type*  up'ta 
A  ugurt  2.i,  I  Hid. 

80.  Pin.  4280  (T.I4330)  ami  V.I8370.  Pragma  of  Work  on 
Fluomarrtalr*  and  Flunmphatphalr*:  1*1  Interim  Report , 
Novrmlier  2,  1043. 

81.  Pin.  4280  (T.IAIMI).  Thr  Drttrtiaa  of  CM*  Agrul*  Con¬ 
taining  Fluorine:  Jnd  Interim  Report,  lJenemla*r  4,  1043. 

82.  Pin.  4280  < I ’.5007).  Thr  Drtrrlion  of  CW  Agent*  Con¬ 
taining  Fluorine:  ,1rd  Interim  Hr/nrl,  April  24,  1044. 

83.  Pin.  4280  (C.04I0|.  Thr  Drtrrlion  of  CW  Agent*  Con¬ 
taining  Fluarinr:  Jlh  Interim  Report,  July  20,  l!M4. 

84.  Ptn.  4282  (T. 4300 A).  A  Method  for  Ihr  Drlrrtinn  nf  Mrlhyt 
Fluomarrtalr  in  Dilute  Aqtimu*  Solution,  April  5,  MM3. 

85.  |*| n.  4282  (T.5045).  Mrthyt  Fluomarrtalr  and  ll*  Ana- 
Ingur*  at  Walrr  Contaminant*,  May  0,  !tM3. 

80.  Z.H170.  Slumgr  of  AF-I  and  PF-I,  July  22,  l!M4. 

Rrnrarrh  Establishment,  Sutton  Oak 

87.  S.O.  II  040.  Mrthyt  Fluomarrtalr  ami  Rrlalnl  Com¬ 
pound*.  Part  /.  Phynimrhrmiral  Pmprrtir*  nf  Mrthyt 
Flurmarrtalr,  February  3,  1043. 
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HH.  8.0.  t(  (100.  An  I  lupnietrl  .ViM  far  Ihr  Dt tirminnlinn 
n f  Ftuoriui  in  Ahphalif  Flittiro-Citmpniinil*  ami  Fhtartt- 
phtHt(thttlrt,  A|trll  »H,  |(M4. 

NO.  8.0.  It,  701.  Alt t/ifil  Fltmmnrrtalr  anil  Rrlalrtl  Ct tm- 
pound*.  Part  II.  Thr  llytlndyri*  anti  Solubility  nf  Alt  thy  I 
Ftuomnrrtatr  in  Aqumn*  Solution,  Jnnunrv  27,  1044. 

IN).  Y.IKMHI.  Sole*  an  Prr  in  ration  nf  Alrthyl  Flitoronrrlnlr, 
Fluor, ethyl  Aliethul,  nntl  Hiittnpmpy!  Flunrophn*phnti , 
Drrrnilirr  20,  IOW. 

Extramural  Ihnrarrh 

01.  ('iiiiibriilur  Kxtmniuml  Tentiii*  Sin  Hun  (K.  I).  Adrian) 

n.  XZ.II3  (\V.  14505  :iiwl  Addrndum  W.  15300). 
Phyrioloyiml  Examination  nf  Altlhyl  FUtnrnnrt- 
Mr.  /,  by  W.  Frldlirnt,  II.  A.  Killi.v,  nml  >1.  Kiltiv, 
Nuvrinlirr  14,  1042. 

It,  XZ.I20  (W.  18540).  Inlrrim  Rrpnrt  Cpnn  Ihr 
Phytioloyteal  Examination  nf  Alrthyl  F!  uomnrrtntr 
nml  lltlntiil  Com/nuiml l»y  II.  A.  Killiv  nml  M. 
Kilby,  Jntiimry  HI,  1043. 

c.  XZ.I24  (Y.  2*103).  Surrey  nf  Tnririlir*  nf  Flunnt- 
nrrtnh *  nml  Rtlnlnl  by  II.  A,  Kilby 

iiikI  M.  Kilby,  Mnrrh  23,  1043. 

<1.  XZ.  120  (Y. *151(1).  Phym'otogim!  Examination  nf 
ft-flttomrthyl  Flunmnrrtntr,  by  ll.  A.  Kilby  nml 
M.  Kilby,  May  IK,  t043. 

C.  XZ.I30(Y. 7(11X1).  .1  Xnlronthr  Volatility  nf  Alrthyl 
Flunmnrrtntr,  by  II.  A.  Kilby,  .lime  4,  1043. 

f.  XZ.I3I  (Y.7H33).  Srmml  Surrey  nf  T.txirtlir*  of 
FlnortmeHnlrtt  nml  Hrlatnl  Cnmpouml*,  by  II.  A. 
Kilby  nml  M.  Kilby,  Junr  10,  1043. 

K.  XZ.I42  ( Y.HMINK).  Summary  nf  work  on  Ihr  Treat¬ 
ment  of  FI uomnrrtntr  nml  Ft  uampharphatr  Poimn- 
iny.  /,  by  K.  I>.  A-Innii.  K.  J.  (’iirjtmlrr,  nml  II.  A. 
Kilby,  Xuvmilirr  15,  1043. 

h.  XZ.I44  (Y. 10400  V).  Thin!  Surrey  nf  Tnriritir*  of 
Ft  uomnrrtntr*  nml  Rt  Inter!  Cnmpouml*,  by  K.  J. 
I'nrprniiTitml  II.  A.  Kllbv,  Urrrnilirf  20,  1043. 

I.  XZ.  1 45  ( V.I0400II 1.  A  Sale  on  Chrmi-nl  Cnnrtilu- 
lion  nml  Flnonmrrtnlr-tikr  Taririty,  In  K.  J.  ( 'nr* 
prtilrr,  II.  A.  Kilby,  II.  MK’umbir,  nml  II.  4'. 
Snumlrm,  .Inmuiry  X,  l!M4. 

j.  XZ.  I III  < Y.  10500).  Tht  Treatment  of  Altlhyl  Flatten- 
arrlntr  Pnimninq.  1  y  K.  I).  Adrian,  K.  4.  Carjirn- 
(rr,  nml  ll.  A.  I*'!bv,  Jniitinry  X,  1044. 

k.  XZ.I40  (Y.20I07I.  Thr  Alnrhi.l  Anatomy  nml  II  i*- 
Intnyy  of  Flunmnrrtnlt  Pnimnintj,  A.  M.  Ilarn’ll, 
4nmtnry  14,  1044. 

l.  XZ.I52  <Y.230!Nl).  Fourth  Surrey  of  Fhiomnrrtntni 
nml  Ihliilrtl  ('uni /tan milt,  by  K.  4.  Onrjirntrr  nml 
II.  A.  Kilby,  Mnrrh  0,  |IM4. 

rn.  XZ.I5K  (Z.4070).  Trmtmrol  of  Alrthyl  Fliionmrt- 
tali  Poi*tminy,  Part*  1 1'  nml  I',  by  K.  4, 1  'nrtiriitrr 
nml  II.  V.  Kilb.v,  .Inin*  13,  1011. 

tt.  XZ  I50(Z.0207).  .1  Xutron  thr  Ihlrrtion  nml  Itrnuf- 
nitiou  of  Fluor  oar  I  tali  poittnn  iny  in  Alan,  bv  K.  I>. 
Adrian.  K.  4.  <  ’nr|irntrr,  nml  II.  A.  Kilby,  4unr  30, 
I  mi. 

«.  XZ.IH2  ( A.INI35).  Tofirily  Examination  nf  Variant 
Ctonfiooiulr,  Itv  K.  4.  ('nrjinilrr  nml  II.  A.  Kilby, 
Aiiim-l  24.  10)1. 


|t.  XZ.I03  (Z.020I).  Examination  of  Tim  Flumint 
Amiloyint  of  Iht  Xitroytu  Vttitnult,  by  K  4.  i'nr- 
prutrrnnd  It.  A.  Kllbv.  Aiiku**  31,  Kill 
i|.  XZ.MMI  (Z.  13120).  Toxinty  amt  Exenlmn  of  AF-I 
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10.  OSIll)  33MI.  .4  Slmly  nf  ‘hr  Ability  nf  I'nmynmutn  milk 
lliyk  I'nmyrliliim  Emt.un  In  I'nnnlrrnrl  Ikr  Injurinnn 
Kfirrln  nf  Mnnlanl  Han,  l*y  K.  (1.  Hull,  J.  M.  Ihtrlmwitl, 
W.  K.  Durr  in*.  K.  I..  Miimtnn,  ||.  W.  MrKrr,  nml 
II.  A.  Orm«ln<r,  llnrvnnl  Cnivrmitv,  Mmrh  10,  MM4. 

Div.  1W22.I2.MI5 

1 1.  DSHD  3107.  Slmlitn  mi  Ikr  t'aiinr  if  Dratk  itfhr  Synlrmir 
Inlnriralinn  milk  Ikr  tM’klnmrlkyl  I 'rnimntn,  hy  llntnrr 
W.  Smith,  lh»tty  Cmwfnnl,  nml  C.  IMry  llmirk,  Xrur 
York  I ‘nivrn.it y,  A|iHI  12.  MM4.  Div.  0421. I-M14 

12.  OSIll)  3023.  .1  Slmly  if  Iki  t'nmimniUnu  nf  Hlnml  anil 

Trim  if  Knhhilu  ami  Haln  an  Afftrlnl  hy  Ikr  Ailmininlm - 
lion  nf  H.  hy  K.  O.  Hull,  K.  II.  Stnt*,  H.  W.  MrKrr. 
II.  A.  Omrlw,  mnl  K.  I.,  Mnmtun,  llnrvnnl  Cnivrmity, 
July  21. 1044.  I)iv.  0412.14-Mn 

13.  OSIll)  3140.  final  Hr/mrl  unihr  I’nnlrarl  IlKMnnAIJ, 

hy  Hnrnrlt  ('ulnm,  JiMrpli  Ihirrin.  K.  II.  Vnn  Artmlnlrn, 
nml  Mnrii«  1%.  IViktti*.  JoIiih  Itopldo-  Cnivrmity, 
Mny  2**.  MM3.  Div.  it.2n0.Mio 
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14.  OSIll) 3IS0.  Tkr  I’nminralin  Synlrmir  Effriin nf  Mnnln  .1 
ami  Ikr  Xilmyrn  Mnnlanln  {IIS' I,  WAV,  WAV)  ill  Ruin, 
hy  Irvin*  (Sntrf,  Vnl  H.  Jn*rr,  nml  Dnvkl  A.  Knnmfrky, 
Xrtr  York  1'nlvrmity,  Mny  I,  MM3.  Div.  0401 4-M2 

15.  OSH!) 5245.  Rfnlnif  hiaiH-Cklnrorlkyl) Sntjhlr  (//)  ami 

hinif-Vklornrlkyl)  Mrlkylaminr  (WAV)  on  Emyikrn  In 
VHnt  ami  In  Vim,  hy  l’.  K.  fori,  8.  I*.  I'ul.mirk,  I.. 
Mrr*rr,  him!  M.  \\,  Sk'lti,  WimhlitRiim  I'nlwnilly  Srlmnl 
of  Mnllrlm*,  .lum>  20.  10 13.  t  >1  v.  0  301.3  M3 


OSRI)  INFORMAL  REIHIRTS 

10.  t'.mtmrt  XIK'rr-132,  rttivrmiiy  nf  (liiniRit  Tnxirily 
l^tlmminry,  K.  M.  K.  ISrilin*.  Inf.  Mnntli.  Mm*.  Ilrpti.. 
im  Tnxirily  nf  (Vmiml  Wnrf-trr  A|p.m»: 

Div.  it.l2.VMI 
Div.  IWI2VM2 

n.  ItrimH  (XDIK*  IM-A)  nf  A|iril  Ml,  MM2, 

h.  Ilrtmrt  (XDIK*  IM*A)  nf  Mny  10,  MM2, 
r.  Ilr|mrt  (XDItC  IM-A)  nf  Nnvrtnlrr  17,  MM2. 

<1.  XDIK*  0:4:1  No.  2,  Mnrrli  10,  MM3, 
r.  XDIK’  0:4:1  Xn.  3,  April  10,  MM3, 
f.  XDIK’  0:4:1  Xn.  4,  Mny  10,  MM3. 

*.  XDIK!  0:4:1  Xn.  5.  Jnnr  10,  MM3. 

h.  XDIK’  0:4:1  Xn.  0,  July  10,  MM3. 

i.  XDIK’  0:4:1  Xn.  it,  Ort.Jirr  10.  MM3. 

j.  XDIK*  0:4:1  Xn.  10,  Xnvrmlmr  10,  MM3. 

k.  XDIK’ 0:4:1  Xu.  II,  Drrmnlirr  10,  MM3. 

l.  XDIK'  0:4:1  Xn.  12.  Jnntmry  10, 11M4. 

m.  XDIK' 0:4:1  Xu.  15,  A|iril  10,  I1M4. 

n.  XDIK'  0:4:1  Xu.  10,  Mny  ID.  1044. 
n.  XDIK’ 0:4:1  Xu.  17,  Jimr  10,  IIH4. 

|x  XDIK’  0:4:1  Xn.  18,  July  10,  1044. 

17.  Cnnlmct  OKMnr-SO,  llnrvnnl  rnivrmlty,  Krir  Cl.  Hull. 

Inf.  Mnnth.  Pit*.  Hrptn.  Div.  0-312.1 1-MI 

Div.  0-3I2.I4-MI 

n.  Kr|«»t  (XDItf  IM-C)  nf  Juno  23,  MM2, 
h.  Ilrtmrt  (XI)IK'  IM-O  nf  Drtnlirr  28,  MM2, 
r.  lirimrt  (XDIK’  IM-4’)  nf  Dtwnhw  21,  MM2. 

(I.  XDIK’  0:5:1  Xn.  4,  Mny  10,  MM3. 

18.  Cnnlmrt  OKMxr-123,  Wnxhiii*tnii  I'nivrmity,  <‘m4  F. 
C’nri.  Inf.  Mnntli.  Pm*.  Itrplr.. 

it.  Ilrpnrt  (XI)IK’  IM-4’)  nf  July  31,  1042. 

Div.  0412.11-MI 

i».  Ilrpnii  (XDIK*  IM-C)  nf  An*nnt  28,  MM2. 

10.  C’nntmrt  OKMrr-120,  Tlir  Hnrkrfrllrr  Inrtitutr  fur 
Mmliml  Hmmtrli,  Juhn  II.  Xnrlhmp.  Inf.  Mnnth, 
I’m*.  llrptN,: 

it.  XDIK’ 0:5:1  Xu.  I,  Frhnmry  10,  MM3. 

IMv.  0-I24-M4 

h.  Hrmnnnl  r>mimHnimtinn  fnim  Hn*rr  M.  Ilrrrintt, 
Drtnlirr  It,  MM3. 

20.  Cnnlmrt  Oi:M»r-3l3,  Thr  Itnrkrfrllrr  limtiintr  fnr 
Mtilirnl  Hmmrrh,  Mmt  Mrntmmm  nml  Jinrph  S. 
Fnttim.  Inf.  Mnnth.  Pm*,  llrptr.: 
n.  Hr|mrt  (XDIK’  IM-C)  nf  Mny  23,  MM2. 

Div.  1I.I24-M2 
INv.  1t.l2l-.M3 

h.  XDItC  0:3:1  Xn.  2,  Mmrh  10,  MM3, 
r.  XDItC  0:3:1  Xu.  3.  April  10.  1043. 
il.  XDItC  0:3:1  Xu.  I,  Mny  lit,  MM3. 
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««.  Mine  0:ft'l  So.  ft.  June  10.  MM3, 
f.  SIMM'  lt:.Y:l  N«. 0,  Jitly  10,  MM3; 

-**  "  r,  SIMM*  fl:ft:l  No.  8,  Heplrmlirr  10,  MM3. 

.  h  NDIM*  0:5:1  So.  0.  Ortolirf  10,  MM3, 

*  ,.vl>|l(*  3:5:1  So.  II,  Drrrmlirr  10.  IMS. 

j.  NDIM*  0:5:1  So.  IS,  Kelminry  10,  IW4. 
k  N  DIM*  0:5-1  No.  14,  Mnrrh  10, 1044. 

l.  SIMM'  0:ft:l  No.  10,  Mny  10, 1014. 

m.  NDIM’ 0:5:1  No.  17,  June  10. 11M4. 

2!'.  Cmtmrt  OKMsr-431,  Thr  Hockrtellrr  Institute  for 
■  Methml  Heamrrh,  Philip  I)  M-'Mitxlrr  ami  Ootrt  II. 
I|.«.-h.smi.  Inf.  Month.  IW  llrpt.  (SIMM*  IM4*>nf 
At«n*t  2*,  MM2.  IHv.  0.124-MS 

2?  ContmM  OKMsr-532,  Tin*  John*  H<n*ioa  Cnlvemity, 
Harnett  Cohen.  Inf.  Min.th  Pir«.  Rrp«.  NDIM'  0:5:1 
No.  25,  Frlmiaiy  10,  1043.  Div.  0-2I2..VM3 

23  Contrart  OKMsr-ftflO,  New  York  Cnivrmity,  Homrr  W. 
Smith.  Inf.  Month.  ProR.  Hr|8s:  Div.  OSOO-M1 

n.  lt«*|M*Pt  (SIMM'  H4-C)  of  July  31,  MM2. 

I..  Re|»wt  (SIMM*  B4-C)  «f  AnRimt  20,  1042. 

o.  |tetmrt  (SIMM’  IM-(‘)  of  8rptrmlirr  28.  MM2. 

•I.  I<r|»»i  (SIMM*  IM-C)  of  Orlotwr  28,  MM2. 

e.  Ih  irH-t  (SIMM'  114-n  of  Novemltrr  30,  MM2. 

f.  l(r|Hirt  (SIMM*  M4-n  of  Dreemlwr  21,  MM2. 
r.  SIMM*  0:5:1  No.  I.  Krliflutry  10,  MM3. 

h.  SIMM*  0:5:1  No.  2.  Mnrrh  10, 1013. 

I.  SIMM' 0:5:1  No.  3,  April  MV  1043. 

j.  SIMM*  0:5:1  No.  4,  Mny  10, 1043. 

k.  SIMM’  0:5:1  No.  3,  June  10,  1043. 

l.  SIMM' 0:5:1  No.  ft,  July  MV  1043. 
ni.  SIMM*  0:5:1  No.  7,  AurusI  10,  1043. 

n.  SIMM’ 0:3:1  No.  8,  8rptrmhrr  10,  1043. 

o.  NIMH*  0:5:1  No.  0.  Ortolirr  10.  1043. 

p.  SIMM'  0:5:1  No.  10  Novrmlirr  10,  1043. 

q.  SIMM' 0:5:1  No.  II,  Drrrmlirr  10. 1043. 

r.  SIMM'  0:5:1  No.  14.  Mnrrh  10,  MM4. 
a.  SIMM*  0:5:1  No.  15,  April  10,  1044. 
t.  N DIM' 0:5:1  No.  10,  May  10,  1041 
U.  SIMM*  0:5:1  No.  17,  June  10,  1044. 

v.  SIMM’ 0:5:1  No.  18.  July  10,  MM4. 

w.  N I  MIC  0:5:1  No.  10.  AtiRiiat  10,  MM4. 

X.  SIMM’ 0:5:1  No.  20,  8rptemlirr  10,  MM4. 
y.  SIMM*  0:*f.  No.  21,  Ortolirr  10,  I1M4. 

*.  SIMM*  o:.*:l  No.  22,  Novrmlirr  10,  1044. 
na.  SIMM’  0:5:1  Cnpuhlishod  result*. 

24.  Contrort  NIH'rr-MW,  llnrvnnl  Cnivrmity,  A.  II.  Morit* 
nml  F.  C.  Ilrnriqurs,  Jr.  Inf.  Month.  PmR.  Ilrjit.  NDIM* 
0:5:1  No.  22.  Novrmlirr  10.  MM4.  l)iv.  0-312.I34-M3 

25.  Cimtmrt  OFMemr-24,  Tlir  Johns  Hopkins  Cnivrmity, 

Alnn  C.  WishI*  iiihI  Jonns  8.  Frirtlenwnkl.  Ilrpiwt  tothr 
t’nmmillrr  on  Un*  I'mnmllim,  hy  J.  8.  Frietlmwnld, 
Mnrrh  18.  MM2.  Div.  143H4-M2 

20.  Contmrt  OKMrmr-51,  Ynk>  Cnivrmity,  Wilhntn  T. 
8nllrr. 

n.  Sumy  Hi  iMirt.  1'imlmii  Xn.  ORMrmr-fil.  liy  W.  T. 

8nlter,  April  17,  MM2.  Div.  0-522. 12-M I 

l».  Summitry  of  liifmrl  nf  July  J ,  /'*}»,  l»v  \V.  T. 
8nltrr, 

r.  I’.nllrliti  D,  8rptrtnlirr  1, 1012.  Iliv.  14522.I2-M3 
<1.  Itifonnnl  ProR.  Kept.  No.  22,  Defend**  I,  MM2. 

Div.  0-522. 12-M5 


r.  Inf.  PmR.  1lr|it.  No.  20,  Jimh>  10,  MM3. 

Div.  0-322.2- Ml 

f.  Thr  draft  I'hnrmmvlnyiml  Artitm*  Klintnl  hy  Mr 
Inlrmtmm*  Artminirtmtinn  if  I h+1  nml  1010  in  the 
Form  nf  their  Hy/lrorhlnriHr  Snltn,  liy  laml*  Good- 
man  nnd  Alfred  Oilman,  July  2,  1042. 
r.  Irtmrmnrmlymtmini  if  Xn.  i  1.10  nml  il a  T rnnforma- 
lion  /Vmfnrfa  nml  thr  Anliilntnl  Vnlnr  if  Smlinm 
Thimulfnlr,  liv  Alfrrtl  Oilmnn,  laml*  Cuaaltiitttt, 
nml  Fretlrriek  8.  Philip*,  Ortolirr  I,  MM2. 

Div.  IK522.2I-MI 

h.  Tnt icily  if  ll’nlrr  Cimtnminntnt  with  birt.iM'klnn* 
rthyhmrthyt  Amine  (77.14*)  nmt  IriStU'klmm 
ethyl)  Amine  nml  Pmmfnrr*  fnr  ISrimtnmimiliim, 
liy  Alfred  (illmnn,  laml*  Gt**lmnn,  ami  Frr,k*irk 
8.  Phili|«*  with  thr  nssMnnrr  of  llolirrta  P.  Alim, 
Drrrmlirr  MV  MM2.  Div.  0-321.1  M3 

I.  The  1‘hnrmnmlynnmir*  if  the  Xilmyrn  MnSunlr, 

l»y  Alfred  (illmnn,  I  ami*  Goodman,  nml  Frrtk'riek 
8.  Philips  with  the  asslstnnrr  of  Moln'rtn  P.  Alton, 
Fehnmry  IP.  MM3.  Div.  I432I.I-M0 

J.  Further  Slmtif  on  the  Tntirily  if  Omlly  tnyirtnl 

Thun  in  H ‘nter.  The  Afeynnry  if  the  l)H.i  Trrt 
fnr  the  Drtrrlion  if  Tntir  Cnnrrntmtinnn  if  77*143. 
hy  Alfrrtl  (Illmnn,  Imul*  Gisnlmnn,  nml  Fnnlerlrk 
8.  Mtili|»  with  I  lie  nsslstnnrr  of  Itolirrtn  P.  Alien, 
Mnrrh  7.  MM3.  Div.  0-32I.I-M7 

k.  Thr  Pmtrrlier  Kfirrt  if  Vnriimn  itinlmrnlii  Ayninrt 

thr  Syetrmir  TntirUy  nf  Cnlnnenunly  Applinl 
TLtV>,  hy  Alfrrtl  (iilntnn,  lamia  (itsalmnn,  nml 
Frrtlrrirk  8.  Phlll|K  with  the  m»(*tnner  of  Ihdiertn 
P.  Alim,  June  14,  MM3.  Div.  0-A22.2-M  I 

l.  Thr  Hone  Mnrrmr  nml  llrmnynirtir  Kffrrln  in  Mire 
if  Smell  Hrymtnt  1‘nrrntrml  Dimrn  if  Thl.fA  ll(T, 
hy  Tlmnins  IkmRlirrty,  lamia  (hMxhmin,  Alfrrtl 
(illmnn,  nml  Jmn  Dmaltorty,  Ortolirr  ft,  MM3. 

Div.  0-321. 1-M 12 

27.  Ctmlmrt  OKMrmr-IOR,  Cnivrtsily  of  Pmnsvlvnnin, 
D.  WriRht  Wikam  nml  llnrry  M.  Vnm. 
n.  Hrfnirt  nn  ll'nrlr  l)enr  im  Ihr  Wnnml  llmliny  I'nijrrt 
firm  April  join  June  Jll,  IHfJ.  Div.  0-522-MI 
It.  Thr  Tnririly  if  TI.IV>  in  Tnp  Wnlrr .  Minimum 
Cnnrrntmtinn  ('mutiny  Tntir  Mnnifertntiime  in 
Until.  Thr  Car#  nf  the  DM  Trrt  fnr  Drlrrmininy 
I’olnhility  fnr  Mnn,  l«y  D.  WriRht  Wilson,  8omttel 
Gurin,  ilnrrv  M.  Vnm,  Dnnn  I.  Cmmlnll,  nml 
WitlinmJ.  Itmwn, Jr.,Mny7,  MM3.  Div.14321.l-M0 
r.  Stutlin  nf  Ihr  Artinn  of  IIMT  on  TU-Vt  m  I  ten, 
hy  llnrry  M.  Vnm,  Snmnel  Gorin,  William  J. 
Hr, mo,  Jr.,  Dunn  Cmmlnll,  nml  Atlrlnidr  Itrllova, 

.  8eptruilwr  20,  MM3.  Div.  14522.2-.M2 

tl.  Pmphylnrlir  Trmlmrnl  if  WAV  Pnimminy  in  Hill a 
hy  liitHhnlinnn  with  IIMT,  hy  llnrry  M.  Vnm  with 
trrhnienl  naaistnuer  of  l„  J.  8nntnmnr!n,  K.  Ilrown, 
nml  M.  8.  Mrllett,  .Inmmry  13,  HM4, 

Div.  14522.2-M3 

r.  Inrrmmrl  To't  mitir  ni  llnlit  Sulijrrtnl  In  I’linnlul 
Kfinmnrr  In  IIS  Cnnqainwifa,  hy  I  >.  WriRht  Wil-oll, 
llnrry  M.  Vnm,  with  terhnlenl  naaistnnei*  of  Wil- 
linm  J.  Ilrown,  Jr.,  I..  8nntnmnrin,  nml  K.  Ilowrn, 
8rptrmlnr0,  I1M4.  Div.  14321. 1-MI5 


mui.iociupiiy 


2ft.  Contmct  OKMrmr*l4t,  llnrvnrd  f’nlvrmity,  I).  (!. 
('ogmi.  Hopori  Nn.  43,  Mnwirrmrnl  of  Hate  if  Hrortion 
y  It in  IHhml,  l>y  W.  Morton  (iront,  V.  Kvrrrlt  Kln»ry 
with  thr  trrhnfal  nnuhontwr  of  Iti.vlli*  Holii«nn,  llrlrti 
IVnt«,  him)  llrlrn  Hnlllvnn,  Jaimnrv  2,  IIM3. 

Div.  0-3I2.I4-M7 

2t*.  fnntnirt  OKMrmr-OB,  Mmtorinl  llmptinl  for  thr  Tirol- 
mrnt  of  CnociT  nml  A  Mini  IHmiwro.  Now  York,  (‘or- 
nrlln*  l*.  Itiionik  Motiih.  Prog.  Itrpt.  No.  in,  Jnnunry 

31.  MM3.  Div.  0-323-Mt 

MIST  ELLA  X mis 

.10.  NDItC  Divfenoo  0  Informal  Mrmornmltim  No.  t,  // 
Vapor.  Summary  «/  Unlit  on  Tnrimlopp  nmi  I'annaltp 
1‘minrlinn,  by  lloiorr  Mmith,  Now  York  I'nlvorKlty, 
Mnrrti  I,  1014,  Div.  0-3I2.I-M4 

31.  NDItC  l)tvt«Hin  0  Informal  Mrmomnditm  No.  2,  Sum- 
marpif  llnlo  no  Qnml  Hilatnl  Srnpnimnnlonlt,  iiy  llomrr 
W.  Mtnilh,  Now  York  I'nlvrmlty,  Mnrolt  J,  11444. 

Div.  04D2.I-M3 


I 


rxrTEI)  STATES  ARMY  REPORTS 
Chemical  Warfare  Service 

32.  DPfJHR  IS.  HrM  Obmimtlionn  im  Ike  ilyntiyinii 
Kferl  y  //.V/,  Align*!  23,  1013. 

33.  Dngwny  Proving  ({round  Clirmionl  Wnrfnrr  Hrrviro 
Moliilo  Hold  (‘nil,  Hn«hnrll,  Florida.  Hrpnrton  H  Vapor 
Ciunallirn  Ocrnrrinp  at  Himkorlt.  Florida,  April  20,  luff, 
Juno  0,  1044. 

34.  KAMItl)  24.  The  (’krmiral  AH  inn  of  Mnntanl  mlkin  Ike 
*»/#,  Ooloiior  10.  1024. 

33.  llll(KA)  Itrpt,  No.  I.  Tkr  Cliniral  An/inin  if  Kxpanure 
In  Xilroprn  Mortanl  (Vnmpmnnl  .Vo.  //.(»),  Juno  17, 
1043. 

30.  IIH(KA)  Itrpt.  No.  2.  hlimfinrranp  to  .Vitnyrn  Mnnlitr: 
.Vo.  1 1411  (Ifrpnrl  if o  (W),  Juno  .10,  1043. 

.17.  MD(KA)MI{  33.  Tnxirilp  y  MoManl  in  Ik r  Hnl  Fnllmr- 
in 0  .4  pplirnlinn  In  Ikr  Tail,  Mnv  20,  IOI2. 

35.  MlHKAiMIt  30.  1‘rrliminarp  Hr/iorl  mi  Ifrmalnlagiral 
I'kaitgrn  in  Ikr  Habhil  Fnllmriiw  ’Zjr/nritri  In  lethal  Omn 
of  It.*),  Juno  .10,  MM2. 

3(4.  MlHHAiMH  03.  Some  Hkormornlopirol  KJterln  of  I'om- 
piniHii  l)i4ll-rhlnmrlhi/l)onlhpt  Aminr  on  Imioliil  Smooth 
Mnrrtr,  Align*!  7,  MM2. 

40.  MIHKAl.Mlt  til.  1‘nliminnrp  Hi/mrl  nn  Ikr  Vknnpn  in 
1'irlnin  I 'on  ft  it  III  nlr  of  Iln-  Hlmnl  of  Hnhhiln  Folloirintl 
Kjrpmnrr  In  II. pi,  Align*!  If,  MM2, 

41.  MIHhAlMIt  tW.  Thempp  Ihinrlnl  In  thr  llrumlinpnir 
Sifilriti  nf  Hnhhiln  Humid  irilh  l.ilhnl  A piilimlionn  nf 
I’nmpniinil  llhl.  (4nol*.r  it,  MM2. 

42.  MIHKAtMIt  1114.  Thr  I'hormarnliuiiml  Anion  nf  Com- 
pound  1 1. Pi,  (KmiJkt  27  MM2 

43.  MIVKA'MIt  Tit.  Tkr  Fffi  Hn  of  M nntonl  nn  .1  furrlr 
Tinnnr,  .Imiunrv  0,  MM3. 

It.  MIH i:\l.\m  01.  r/o  I  'oiurnlntlinii  nf  Siipar  in  Ikr  fflnml 
nf  Animal*  Kxpnnnl  to  Vhimirnl  Wnrfnn  Aipnl «,  Mnv  24, 
MM3. 

13.  Mod.  Div.  Itrpt.  No.  4.  Thi  K/hrt  of  IIX  I  no  H'flt.r  nml 
Hh  rlrolipi  Haltlini  in  I  hit*,  (toinlicr  3,  MM4. 
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•'ll.  Moil.  Div.  itrpt.  No.  3.  Inlmrrnomt  Xitrinon  Morton! 
( IIS.iu  Ortolirr  20,  104*.  , 

47.  >lrd.  Div.  Itrpt,  No.  27.  Tkr  Rferli  y  H  in  Oil  ApplM 
In  tin  Akin  nf  Dope,  Mttroh  20,  1013. 

43.  MilMKA)  Itrjrt.  No.  I.  Tkr  dm!  tuprnlinn  if  foil)  bp 
Human*,  Hrptrmlwr  III,  1043. 

40.  MliUKA)  Hrpt.  No.  20. 1'olknlopiml  ('hooper  in  Timm 
if  Virlim •  if  Ike  ttori  Inrith  nl ,  Mny  IS,  IIM4. 

30.  'IDMIt  423.  TrieiJ-rkloeorlkpOominr.  Hkiirinlopitvl  Kx- 
nmi.mimn,  Augo*t  12,  MM2. 

31.  TDMIl  030.  Tkr  Sjfirl  if  M urlonl  anil  LrtrMIe  nn  Ikr 
('nHniiM  (Mil  Cnrtr  if  Spinal  k'lniil,  Mny  4,  MM3. 

32.  TDMIl  000.  Tkr  Kftirlr  if  Morin nl  on  Vrrilonml  Tinnnr, 
Mny  2H,  MM3. 

33.  Tlll.lt  33.  MnSanlfR):  M\„ifll  Indoaln  —  10  Minnie 
Rspoeurr,  J«tm>  0,  MM4. 

34.  Ducwny  Pmvin*  Rnnitnl  Climiirnl  Wnrfnrr  Hrrviro 
Muliilr  KWd  {’nil,  Hunltttril,  Klorkin.  Wrrkly  Prog. 
Ifrpt.  Hrrkw  2  Itrpt.  OH  port  Augtwt  1 1,  MM4. 

33.  Minliml  DivMon  Inf.  Montli.  Prog.  Mrpln : 
t>  Octoiirr  1044. 

!».  Novrmlirr  1044. 
r.  Drrrmlirr  1014. 
d.  Jnmmry  MM3, 
r.  KHuunry  MM3. 

f.  Mny  MM3. 

g.  July  1043. 

30.  Mnliml  Kmrnrrh  Imlnimtory,  Hlgrwootl  Amrnnl.  Inf. 
Month.  I’ng.  Itrfrto. : 
n.  Ortolwr  13,  1043. 

I,.  Drrrmlirr  13,  1043. 
r.  Friinmrv  13,  IIM4. 

•5.  April  15,  1044. 
r.  Mny  13,  1044. 

f.  Jtinr  la,  MM4. 

g.  July  13,  1044. 

h.  Augtmt  13,  1044. 

I.  Hr|rtrmlirr  13,  MM4. 

37.  Contmc!  W-40443W ‘WH-23,  I'nlvrivlly  of  (lilntgn 
Tovlrily  Indiornlory,  luf.  Mmitli.  Prog,  llcptn.  on 
totirity  nml  irritnnry  of  rhrmirnl  ngmtn: 
n.  No.  NX  I,  April  10,  1043. 

I*.  No.  NX  3,  Junr  III,  MM3, 
r.  No.  NX  4,  July  III,  MM3, 
d.  No.  NX  0,  Hrptrniln*r  13,  MM3. 

35.  ('orttmrl  W-4(MV»7-( 'WH- 10,  I'nlvwlly  of  Ylrglnln, 
Alftvd  (Imnutln.  Inf.  Prog.  Itrpln.: 

n.  Hr |it.  No.  I,  Align*!  13,  IIM4. 

I>.  Ilrpi.  No.  2,  Ortolirr  15,  MM4. 
r,  Itrpt.  No.  .1,  Drmnlrr  13,  MM4. 
d.  Itrpt.  No.  4,  Krhmnry  13,  MM3, 
r.  Itrpt.  No.  3,  April  13,  1013. 

f.  Itrpt..  No,  It,  Junr  13,  MM3. 

g.  Itrpt.  No.  7,  Align*)  I.*  MM3. 

h.  Itrpt.  No.  H,  Ortolirr  13.  1013. 
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30.  Tnrir  Han  Huron  Siirtoinnl  in  Ikr  linn  llililnr  I'nltlnlim 
fiki,  l»y  H.  4'.  Atrxmnlrr,  Mixllnd  l‘or|i*.  North  Afrirnii 
Thrntrr  o|  (hwrntiiHi*.  Drernilwr  27,  1013. 
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00.  Fimtl  Report  if  Bari  Murtard  CatuaUirt,  liy  8.  F.  Ak-x- 
nmlrr,  Allied  Purer  IlmikpMttrrs,  Jitnr  30,  I1M4. 

01,  Rrport  tf  an  Informal  Mutiny  on  “The  Syrtemir  Rfrrt t 
if  M  urtnrtl,"  Rdgnmnt  Artrnal,  AH.,  14 

lo  tkr  Chief,  Mnltml  iHvleinn,  OC-CW8,  8rp» 
letitls'r  ti,  HMJ1, 

r SITED  STATES  PVBUC  HEALTH 
HEPONTS 

*0.  Toxic  Action  of  AJPutichtomcthyt  Sulfite  (Mutton!  Got), 
hy  Vurgtlin,  et  hI.,  NhIhmiiiI  Cunrrr  Institute,  Xit- 
Ikmitl  Instittitr  of  llmltli,  I".  8.  ftitilir  Ifnilth  8rrvire, 
not  tinted. 

BRITISH  REPORTS 

Cknairtil  Drfroct  Experimental  Station,  Porton 

OH.  Putnu  Mrmnrnndntn  Hepnrt  \<>.  15.  CRmijtrd  Urt  tf 
Compt,undt  Rxominrd  Phyniolnyirally  Since  IfllH,  Or- 
tnhrr  11*41,  nnd  Addendum  I,  June  4,  11*45. 

04.  Purtun  Memorandum  Xu.  30  (2. 13300).  Interim  Memo¬ 
randum  im  Gat  Warfare  in  the  Tropirt,  Xnvrmlirr  21, 
I1M4. 

05.  PnrtiHi  Hejturt  Xu.  3240.  Syrtemir  Rffertt  Induced  hy 
Murtnnt  Gat  /•ohming.  Firrt  Report,  July  .10,  KMI, 

00.  Pit, Ml  l<r|Mirt  No.  *130.  Syrtemir  Rffertt  Produced  hy 
Mutton!  Gat  Pmuming.  Srdimrntalnm  Rote,  Carputruhr 
Fragility,  amt  Confutation  Time  of  Waul  after  Mutton! 
Gat  Poitoning,  •rtlb  a  Sole  on  tertritilr,  Drermlirr  20, 
1041. 

07.  Pirtnn  Report  Xu.  2078.  Pathological  Change) i  in  Ani- 
malt  Rxpatctl  to  S  Vapour,  July  0,  1012. 

00.  Pirtnn  Report  Xu.  2380.  Skin  A  pplieaHem,  Subrulnnc . 
out  anti  Ural  Ailminirtentian  of  S,  June  22,  1013. 

00.  Purlou  Report  Xu.  2383.  Thin!  Report  on  Mutton!  Gat, 
June  II,  I  (M2. 

70.  Port  on  Itetmrt  Xu,  2500.  Fourth  Report  on  Murtanl  Gat. 
General  Syrtemir  Rffirtt  of  Mutlnnl  Gat  Applied  lo  the 
Skin,  August  7,  MM2. 

71.  Pirtnn  l(e|sirt  Xu,  2410.  The  Chrmirtry  of  S  and  Retried 
Campnuudt.  Cart  ’  The  Preparation  tf  S  Chlaeoh;r!r:n, 
Hrplemlirr  8,  I1M2. 

73.  Ptirlmi  Report  Xu.  2121.  The  Toxicity  if  S  in  Water, 
Krptrmlirr  8,  1043. 

73.  Psion  IteiMirt  Xu.  2424.  S  an  a  Water  Contaminant, 
Hrptemlier  8,  1042. 

74.  PtirtiHi  Hejswi  Xu.  24110.  Wood  Changet  Due  lo  S  Ikrirn- 
liret,  Drertnlirr  I,  11142. 

75.  Pultun  lif|MMl  Xu.  2402.  The  AhtnrpUnn  of  HVtr  Gntrt 
hii  the  Sate  in  Rahhitt,  Dreemhrr  12,  1042. 

7«.  Purtun  l(r|sirt  Xu.  2483.  f'hrmirnl  Slmlirt  on  the  Mode 
of  Action  of  Murtont  Got  on  Prtlriat.  Port  I.  The  Xatnrr 
of  the  t'amhinatinn  if  II  with  Pmtrint,  pelminry  10,  11*43. 

77.  Purtun  lle|»irt  Xu.  21110.  The  Action  if  ll’itfrr  on  T.77,1, 
Mnrrli  10,  1013. 

78.  Purtun  ltr|Mirt  Xu.  2407.  Some  of  the  Phoemom/ngicoJ 
Pmprrtirt  if  S  It 'olruchtoriite,  April  3,  11*43. 

70.  Purtun  llr|sirt  Xu.  250.4.  The  Kffrrt  of  S  llydmrhlnridc 
amt  II  on  Gartrir  and  Dumlrnal  Secretion  in  the  Vat. 
April  20.  I«M3. 


80.  Purtun  Hepnrt  Xu.  2510.  The  Wutl  Picture  if  Rahhitt 
Ripatrd  to  lone  Concrniraiion*  if  “It"  fur  Long  Piriotlt, 
May  31,  (043. 

01.  Purtun  He|**t  Xu.  2533,  The  Tariritg  by  Injection  of 
Nitrogen  I ‘nirantt  and  Their  Hydro! gait  Produrtt, 
July  21,  1043. 

82.  Purtun  ttrpurt  Xu.  2330.  Atropine  Treatment  if  Animat* 
Cottoned  Kith  H  nr  S-Hyilrnrhlaridr,  August  10,  11*43. 

83.  Purtun  Report  Xu,  2543.  Capillary  Permeability  Forlorn 
Retain!  la  the  Art  ion  if  CH*  A  ye  nit.  Part  I.  Dvmuurtmtinn 
nf  the  Pretence  of  Sneh  Fartort  in  Certain  PIP  Pathological 
Rrudaten,  8eptemlier  21,  1043. 

M.  Pirtnn  Hrport  Xu.  2548.  Tnxirity  ami  Pathology  if  IIN. I, 
Xomnlwr  18,  1043. 

85.  Purtun  Report  Xu.  2551.  The  F, flirt  of  Blond  TmmfHtinn 
oa  Ihr  Isumprnia  Produced  by  HN-i  Htplrorhloridc, 
Ortuiirr  12,  1013. 

80.  P.rton  Hepnrt  Xu.  2502.  The  Tnririly  if  IIS -A  in  Dm/drt 
Form,  Xoventlwr  17,  1043. 

87.  Purtun  Report  Xu.  2587.  The  Treat  meal  if  Syrtemic 
Rffertt  if  H.  Part  I.  4  Preliminary  Surrey  if  Therapeutic 
A  grain  tf  High  Competition  Portae,  Mnrrh  lu,  1044. 

88.  Purtun  Itepurt  Xu.  2300.  Toxicity  of  H  in  Droplet  Form, 
Wirtuiry  3,  1044. 

00.  Purtun  Hefiort  Xu.  3030.  The  Treatment  of  Ihr  Lruco- 
penia  of  Vet irant  Ihumning,  June  30,  11*44. 

00.  Purtun  llrtnirt  Xu.  9035.  Capillary  Permeability  Fmtort 
Retail d  la  Ihr  Artion  if  OP  Agent*,  Part  II.  The  Prrpa - 
ration  and  Partial  Purification  of  Ijrmaloxiur:  Same 
Fnrthrr  Phythtofical  Properties,  June  21,  11*44, 

01.  Purtun  Kepirt  Xu.  3040.  The  Rffertt  tf  IIN-J  Hydro- 
chloride  no  Ihr  While  Blood  Crllt  and  Lympharylr  Pro¬ 
duction  in  Dogt  and  Rabbilt,  August  15,  1044. 

03.  Purtun  Hepnrt  Xu.  2050.  The  Treatment  if  Syrtrmir 
Rffirtz  of  II.  II.  ftilhiamthnmalet  at  Thrraprnlir  Ayrnlt, 
Nuvrmler  IT,  1044. 

flit  Purtun  Hrpurt  Xu.  3002.  The  Treatment  if  Mntlnnl  Gat 
Inimical  inn  with  Pbuma  Trantf union.  I.  The  Initial 
“Shark"  Period,  Peremlirr  13,  1044. 

1*4.  Putin,  ltr|mit  Xu.  2080.  The  Rfrrl  if  Mirtonl  Gat  upon 
Biliary  Fittula  Animate,  Mny  20,  lt*45. 

05.  Pirtun  l{r|sut  Xu.  2081.  The  Kffrrt  of  a  Protein  II  y- 
dmlymlr  Cyan  Rnbhitt  Poi toned  Kith  Murtord  Got, 
Mny  IK,  1045. 

on.  Ptn,  2800  (T.  12752  nml  T.  12008).  The  Biirhrmiral  Mu  r 
if  Artioa  of  Mntlard  Gat.  A  RrrirK,  Ortuiirr  2,  1013. 

07.  Ptn.  2800  (1.072).  A  Clinimpolhologiiol  Report  if 
Unman  Ryrt  Splathrd  Kith  Mnrtnrd  Gat,  Prlmmry  3, 
11*44. 

08.  Pliyn.  8  ’ll  ’123  43  'P8.  Rftnmf  nf  Mrdieat  Nolen  on 
W ‘Vnulr.  Arthur  Istlir  Grier,  XnVruilsT  25,  11*43  Ml, I 
Drrrmlirr3,  11*13. 

00.  Pliys.  8  K  148  '43  'P8.  Fatality  Ariting  from  a  Mutlnnl 
Rrplatinn  rd  Tharnry  Inland  ( II*  TI  Hutching*),  Derent- 
lirr  30,  1013. 

Rruarrh  EnUiWnhmrnt,  Sultan  IRtl 

100,  Y. 1 1450.  Full  Refuirt  im  Ihr  T.77.1  Accident  at  Rrtrarrh 
R*tnbli*hnirnl,  Sul  Inn  l>nk,  Morel,  HI.',, I,  August  24, 
1043. 
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lOi.  Y.2I30A.  Smtt  H  Contamination;  Mrfiral  Hr  port  on 
John  Hubert  Haykinn,  Tn/ir  Vapour  Cannaltim  Dor  h i 
S  Vayour,  January  14, 1944. 

Krlrtimnml  Hrmarrh 

103.  ('nmlirklitr  Kximmuml  Twllns  Hint  ion  (K.  II.  Aitrinn) 
»,  W.257.  Tot  inly  of  S,  by  M.  Kilby,  Mtirrh  29,  I1M2. 
b,  X  35.01  ( V.1RMH).  drnrral  Tafirity  no  Injection  if 
Certain  Sulpkanrt t  anf  of  a  llithian  OrrMiir,  bv 
M.  MK’nmltir,  11.  A.  Kill.y,  and  M.  Kilby,  m* 
italrri. 

p.  X35.I29  (Y.5049).  Tkr  Inkibitim  nf  Arrtytrkalinr 

Synlkrnin  by  Ihitt^klniorlkyDmelkylaminr  Hyfro- 

r klarifr  anf  ky  Amrnilr,  by  W.  May  19, 

11*43. 

19(1.  ('niulirklp  IMorbrniirn!  l-nlmmtory  (M.  Dixon  and 
A.  Worowill) 

tt.  I*tx«n  liquid  Xo,  IK  (Y.7299),  Tkr  Kfrrt  nf  II  tm 
Ikr  Heart  Hair  of  tkr  Hal,  by  J.  A.  t’ohnn,  Junr  1943. 
b.  Dixon  l(r] Mid  No.  22  ( Y.I3244H).  On  Ikr  Mrrka- 
ninmntf  Syrtrmir  Voirnainy  by  H,\ry  D.  M.  Nmi* 
hum,  J.  A.  (’ohm,  nml  A.  M.  Hnrrrtt,  Hrptrm- 
lipr  in,  1913. 

p.  Dixon  liquid  No.  23  (Y. 17977).  Tkr  Fair  nf  In* 
jertrf  Hafio-H  ia  Ikr  Hofy,  liy  J.  (’.  IVmrmHI, 
J.  A.  (’ohm,  (J.  K.  Kmurt*,  nml  I>.  M.  NwHIinm, 
Dmrmlirr  HM8. 

<1.  Dixon  l|p|Mirl  No.  2H  (35.7493).  Tkr  Fair  if  Hafio-H 
ia  Ikr  Btnly.  II,  liy  T.  K.  Hnnkn,  J.  C*.  Honmnrtl, 
O.  K.  Franck*,  (*.  1,.  Mnnii,  nml  I).  M.  Xrctllmm, 
Annum  9,  11*44. 

p.  Dixon  Kcpori  No.  29  (Z.9I93).  Tkr  Fair  if  Injrrtnl 
Hmlin-H  ia  Ikr  Hotly.  III.  Kttrrtiaa  ia  Ikr  Hilr,  1>v 
T.  K.  Hnnkn,  J.  ('.  lionmnrlt,  (J.  K.  Franck*,  nml 
Cl.  I).  tlrcvlllc.  Hqilrmlmr 14. 1914. 
f.  Dixon  liquid  No.  31  (35.12194).  Tkr  Arliaa  if  lb 
Xolforob  on  Timmn  ami  Vnfrinn,  forwanlnl  l*y 
(hr  1’hrmiml  Honnl  on  N'ovcmlirr  9,  1944; 
n.  Dixon  ltp|Mid  No.  33  (Z.I7I99).  Tkr  Fair  of  la- 
jrrlnl  Hmlimll  in.  *.r  IMy.  IV,  Knrrlitm  in  Ikr 
I'riar  ami  Frrrn,  l»y  T.  K.  Hnnkn,  J.  C*.  Ihnimnrll, 
(1.  K.  Krnm'K  nml  <1.  D.  (lirvlllr,  forwnnlrd  by 
tlw  Cbmoril  Honnl  on  Frlmwry  24,  HMD. 
h.  Worm  till  liquid  Xv.  14  (35.17190).  Tkr  Fnh  of  In- 
jrrtnl  Hailin-ll  in  Ikr  Hmlii.  I*.  Fnrlkrr  Ohnrrmlina 
on  Ikr  Dirtrihuliim  of  Hailia-Snlfor  ia  Ikr  Tinnnrn, 
liy  T.  K.  Hunk*.  J.  ('.  Ikmmnrll  nml  (I.  K.  Fmnpin, 
forwnnlrd  by  ilir  (*hpmiPnl  Honnl  on  Frlmtnrv  22, 
11*41). 

I.  Wormnll  II  >)u>d  No.  13  (A.A2D7).  Tkr  Fair  if  In* 
jrrlnl  Hmlin-ll-Sulykimr  ia  Ikr  IMy,  by  T.  K 
Hnnkn.  J.  ('.  Hoitmnrll.  nml  (5.  K.  Fmnck*,  for* 
wnnkul  liy  tin*  Chrmirnl  Honnl  on  Ainpmt  10, 
1943. 

11*4.  (*ambrid«r  t’nivpmiiy  (D.  (1. 1’onlior) 

n.  V.32IH,  Abroritlim  Through  Ikr  Skin,  Anil  Syn- 
Irinic  Kflrrln  if  Mnnlanl  I Tan  ami  Istririlr,  Mnv  19, 

nm. 

b.  V. 17044.  Ailinn  if  Ikr  Vrniranln  an  Ikr  Anlonami r 
,Y, mitt*  Syrtrm.  I.  Almpinr-Hkr  Kfrrt  if  Vrniranln 


#  nf  Silmym  (irony  on  Mr  Canlio-mmulnr  Synhm. 
Hrtrtmn  Hrtnent  Ikr  1'krmiral  I'nnrlilnlitm  nnRL 
Atmyimfikr  Kfrrt,  Drrcmlicr  19, 11*41.  \ 

p.  V.I792I.  Action  if  Mr  Vrniranln  nn  Mr  Anltmnmb 
Srrmnn  Syrtrm.  II,  Vkyniifaybal  Stmly  if  Tri • 
rklnmlrirlkytamioc  illyilmklnriilr)  Hyilmlynin  in 
I'tmnrrlmn  milk  Almyinr-llkr  Kfiirl  nn  Ikr  llmrl, 
Diwnlirr  30, 1941. 

il.  Y.1HKT3A.  Hkynintnyiral  Slmlin  nn  Mr  XyMrmir 
RJfrrln  Inti  nml  hy  Mnnlanl  dan  Voiron  iny.  I. 
Arliaa  nn  Mr  Nrrmnn  Syrtrm,  Dcrrmlirr  12, 1913. 
p.  Y.I8R73H.  Vkynioloyirat  Slnfirn  an  Ikr  Synlrmic 
Kfrrin  lafnrrf  by  Mnnlanl  (Ian  I'ninna toy.  II.  /tr¬ 
im  nn  Mr  Carfiamurnlar  Syrlrm,  Jnnunry  I, 
11*41. 

f.  Y. 20330.  Vkynialaykal  Ntnfin  an  Ikr  Syolrmb 
Kfrrin  Infnrttl  by  Mnnlanl  (ion  Voiron iny.  Ill, 
Kfrrin  of  Certain  Drrimlivr*  of  Mnnlanl  (Ian  on  Ikr  . 
CnnliiHmarntnr  Syrtrm  nml  Dinrnmion  nn  Mr  Mnb 
of  Artina  of  II  an  Tkin  Syrtrm,  January  23,  H*44. 

R.  35.IRRM.  Vkyniuinyiral  Slmlirn  on  Ikr  Xyrtrmle  Hfrrtn 
I  ml  nml  by  Mnnlanl  dan  Voiron  iny.  IV a,  Arlion  am 
Mr  Olamln  Afjoininy  Ibr  liiyrrtirr  Syrtrm  —  Sal- 
inary  dlamln,  AuRimt  2.4, 11*44. 
h.  35.12199.  I'kyrialayiml  Slmlirn  tm  Ikr  Syrtrmir 
Kfrrtnlmlamlby  Mnnlanl  dan  Poinnniay.  I  Vb.  Ar¬ 
liaa  an  Ikr  dlamln  AAjainiay  Ibr  Ihyrrtirr  Syrtrm: 

I  nil orate  an  Mr  Kltrrnrt  Snerlkm  of  Ibr  Iktacnan 
aaf  an  Ikr  Srrrrtian  t f  Kilr,  OrbJirr  27, 11*14. 

I.  35.19910.  Vkyniaiayiral  Slmlirn  an  Mr  Syrtrmir  Kf- 
frrln  lafnrrf  by  Mnnlanl  dan  Voinminy.  I’.  Train* 
tinrn  nf  Therapy  milk  Ibnyn  Art  iny  nn  Autonomic 
Kfrrtnr  Cell*,  Mnrrh  19,  1943. 
j.  A.KJl.  Vkyniaiayiral  Slmlirn  tm  Ikr  Syrtrmir  Kfrrin 
Imtnrrf  by  Mmfarf  dan  Voiron  iny.  VI.  Kfrrt  of 
Chemical  Xobrtnnm  Hrlatrf  la  Mnnlarf  dan  am 
Anhaamir  Kfrrtnr  Crlln ,  April  ft,  11*49. 

193.  Oxfnnl  I'nivpmlly  (II.  A.  IWm)  -  •  Dnpnrtmmt  of 
Hiorlipmlmry 

a.  Hr|»>d  No.  15  (IM37IQ).  Fnrlkrr  Srarrk  far  Tkial 

Aaliftfrnla  H  (Mnnlanl),  by  K.  II.  Ilolklny,  A.  <1. 
OffUon,  It.  A.  lYtrm,  J.  Hi.  I>.  ami  l«.  A. 

Xlorkrn,  Hrplpmlrr  24,  11*49  .  _  w 
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|0.  OHIO)  4170.  Statu*  Report  an  Toiicihj  ami  Vrairant  Trait 
of  Compound*  Hrfrrmt  to  thr  I  nirrraity  of  Chicago  Tor • 
irity  Ipibnmtnry.  Iloylnmk'  !).  YottnR.  Oetttlirr  3,  1044. 

Div.  M0O-M4 

17.  08IID  4211.  Atblition  of  Surfner  Artirr  Agent*  In  Mut¬ 
ton!.  P.  I..  HnlxlxTK,  W.  A.  Inixler,  ntiil  J.  II.  Wrmtx, 
K.  I.  duPont  <)<•  Xotnoum  nml  Company,  Ortolirr  3, 
101 1.  Div.  0-212.1  l-MO 

IK.  DSHD  4230.  Thr  Hrnrah  Mirmpiprltr.  Witlinm  Itlmim, 
Jolm  K.  Thommn,  Kuroiio  Uohhvnrnor,  Jonrplt  Hovit, 
nml  Prior  DrHniyn,  Tito  I'nivorxity  of  ChintRo  Tox- 
icily  Ixiltomtory,  Ortoher  0,  1044.  Div.  0-371-M4 

10.  flHHD  4273.  A  Summary  of  thr  Vapor  I’rraaurca  ami 
Votalilitir*  of  Compound*  Studied  at  thr  Cnhtrraily  of 
Chicago  Taxinty  bihnmtury  Cpto  Augutt  t,  IH. J.J,  0.  K. 
Ilodomiiun,  8.  W.  Clmikin,  II.  It.  KmrinR,  D.  Vitn 
llowrii,  J.  Hnvit,  D.  Itonotliol,  nml  (1,  J.  Itolnriu,  No- 
vomlior  4,  1IM4.  Div.  0-200-M8 

20.  D8III)  4400.  I‘ralrctirr  and  Thrraprntir  Agent*  for  ll'nr 

Omni  —  Prrpnmlinn  of  .Yrir  Anlidnlra.  P.  I..  Snlilcrtt, 
W.  A.  latxler,  M.  W.  Knrlow,  nml  W.  J.  Po|*jtr1,  Cltoini- 
ml  Drpnrlment,  1%.  I.  ditPont  ik'  Nrmonm  nml  Co., 
lWmlior  14,  IIH4.  Div.  0-522.12-MlO 

21.  08111)  4038.  Trat*  for  Drronlnmi nation  of  Miitlard  and 

Nitrogen  Mualnni*  on  Human  Skin.  KtiRono  ( inhhvnmcr, 
I*.  P.  II.  Drltmyn,  .1.  K  Thnmnon,  nml  Jonopli  Sivii, 
I'nivomily  of  ChirnRo  Toxicllv  Ijtlnmilory,  Jnntmry  27, 
1045.  Div.  0-522-M3 

22.  08l|l)  4K4I.  Rinrhrmiairy  of  thr  .1  rtion  if  Solfur-I'on- 
loining  Vrticaul*.  Vinront  dn  YiKncnml,  F.  II.  Cnrjicoter, 
II.  K.  MeDtillb1,  ,lr'„  II.  XeKrnnin,  Jr.,  D.  It.  Mrlvillo, 
J.  II.  Hnrhok',  C.  M.  Mlowiin,  nml  J.  I.,  Woml,  Cofttoll 
I'nivomily  Mndiml  ColleRr,  Mnroli  20,  I1M5. 

Div.  O-3I2.I-M0 

23.  (Will)  1852.  /  'hi  S’rcmtiting  Action  of  Certain  Sub- 

alanci*  Riintid  to  Mutton!  Una,  II,  or  to  thr  Nitrogen 
Mutlonla.  II.  .1  Com/atriaon  of  thr  Vraimnl  Action  Rt- 
rrtnl  oh  Human  Skin  by  Mu  tin  nt  (lot,  II,  and  by  Mir- 
Inert  of  II  irith  IVilliinj  Ayr  nit  or  Solrrnt*.  (».  II.  IIi*o- 
Inmiiii,  P.  D.  MrMimior,  M.  It.  SultdtorRrr,  II.  I..  Ilnor, 
nml  Minim  hnnof.  Tho  llookofollor  liwtitute  for  Mtxliml 
llonoiirrh.  Mi  oh  23,  1015.  Div.  0-3KI.I-M3 

24.  08111)4833.  Thi  Ihnlnpminl  of  Mrlhcut*  for  Tending  Ihr 

Ahihlic t  of  Atp oft  to  Ciiinhnt  thr  Kffnt *  of  M uatani  (in*, 
II,  and  Olio  r  Vitiranlt  t’/mn  thr  Skin.  P.  D.  MrMimlor, 
•  i.  II.  Ilncnlmom,  M  It.  SnUln-rfor,  II.  I..  Itnor,  nml 
Ahnun  Kimof.  Tho  llookofolk>r  Inntiiuto  for  Moiliml 
Hononroh.  Mnroli  21.  1013.  Div.  0-322.I2-M20 

25.  OSI1I)  4831  .1  Smrrh  fur  Drcoiilnniinnliny  and  Treat- 
mint  Agrnt*  for  Skin  Hr/nund  In  Mualnni  (in*,  II,  P.  D. 
MoMunior,  (!.  II.  IIokoImmiiii,  M.  It.  SidxItorRin,  H.  I.. 
Itnor,  nml  Mirnni  Knnof.  The  llookofollor  liclitilto  for 
Moiliml  Hi«onrrh.  Mmoh  24.  1045.  Div.  0-322  12-M21 


20.  08111)  4833.  Thr  Print  rot  ion  of  Viairnnl  t'n/nt  rt  mto^ 
Human  Skin,  Mnx  HerRinimii,  J.  8.  l-'rnnm,  Cnlviu 
Uohtmltie,  8.  M,  Nn*y,  M.  A.  8mhmnnn,  nod  \V.  II, 
Htrln,  Tim  Hotkofolk>r  Inntltute  fur  Mixilml  lliwnroh, 
Mnreh  24, 1045.  Div.  0301. 1-M2 

27.  08ttl)  5020.  Change*  in  thr  Cin  ilatiun  and  in  thr  l‘,  rmr- 

ability  gf  Vratrit  Within  and  About  M untnnl  (la*  amt 
Irariaitr  Isaiona  of  Hobbit  Skin,  P.  I).  MoMnntor  nml 
(1.  II.  Ilofcolmom,  Tito  llookofollor  Inntiiuto  for  Modiml 
Ilmen roh,  May  3, 1045.  Div.  0-302-M4 

28.  OSHI)  3027.  Thr  Inhibition  of  Vrairntntinn  in  Mualnni 
(la*,  H,  hraiona  of  Human  Skin  by  HAI<,  by  P.  D. 
MoMnntor,  Goo  rue  lloRt'ltoom,  M.  It.  8ulxln'r*or,  II.  I,. 
Itnor,  nml  Altmm  Knnof,  Tito  llookofolk'r  Inntiiuto  for 
Moiliml  It  won  roh,  Mny  3.  1045.  Div.  0-522.1 1-M5 

20.  D8III)  5032.  .4  Formal  Annlyai*  of  Ihr  Arlinn  of  Liquid 
Vrairant*  on  Harr  Skin,  by  II.  I),  laimlnhl,  I'nivomily 
ttf  Chionico  Toxicity  latlnimtiiry,  Mny  5,  1045. 

Div.  0-3IIO-M2 

30.  08111)  5100.  Obarrmlian*  on  thr  Hole  of  Wilfrr  in  Ihr 
Snarrptihtlily  of  Human  Skin  In  Vrairant  I'a/mra,  by 
ltirtlnoy  llottnlmw.  08(11)  Divinion  0.  Juno  I,  10*5. 

Div.  0-301. 1-M4 

31.  08HD  5181.  Thr  Penetration  of  Vrairant  Va/uir*  into 

Human  Skin  ( Supplement  In  OS  HI!  No.  J.V55),  by  Max 
Iterfftuntui,  J.  8.  Prulttn,  8.  M.  Nn*y,  nml  W.  II.  8loln, 
Tito  llookofollor  limlitulo  for  Moiliml  llononroh,  Juno  0, 
1045.  Div.  IWMI.1-M5 

32.  08111)  5101.  Tr*l*  for  Vrtiranry  on  Homan  Skin,  by 
J.  K.  Thonmon,  II.  I).  Youn*,  Jonoph  8nvlt,  Kiiroim- 
(ioldwiuwor,  II.  (I,  Murmy,  nml  Prior  Doltniyn,  I'nl- 
vomit.v  of  Chienicn  Toxioity  lailntmtory,  Juno  1,  1045. 

Div.  IWH0-M.1 

33.  DSHD  5245.  R flirt*  of  bi*t&J('hlarorthyl)Snl)diidr  ( II ) 
■if, if  HiaUt-Chlonnihgl)  Mrtkglnminr  [IINJ)  on  Rntymr* 

in  Vitro  nml  in  Vim,  by  C.  K.  Curl,  8.  P.  Coliiwiok. 
Inttiin  Itorjtor,  nml  M.  \\.  8k<in,  Tito  WnnhitiKlon  I'ul- 
vomity  8ohool  of  Moilirino,  Juno  20.  1043. 

Div.  0-301 .3-M3 

3-1.  0811 1 )  5070.  I’rolrrtirr  nml  Thrmpridir  Aipnt*  flu  ll'nr 
( Inara:  Thrrafiriilir  Aipnt*  for  Mualnni  and-  Nitrogen 
Mualnni*  II,  P.  I,.  SntxIiorK,  W.  A.  Inixior,  A.  A.  Pnvlir, 
W.  Hi*by,  nml  W.  II.  Villton,  Jnnunry  10.  1040. 

Div.  0-522-M4 

OSHI)  IX  FORM  A  I,  REPORTS 

33.  Conlmot  XIH’ro-132,  I'nivomily  of  ChimKo  Toxioity 
Ijtlntrntory.  K.  M.  K.  (SoiliiiR.  Inf.  Month.  PniR.  ltO|itn. 
on  Tnririhj  of  Chnniml  Warfare  Agml*  (XDIIC  Itl-A 
nml  0:1:1)-  Div.  0-125  M2 

a.  Ilopt.  of  July  20.  1042. 

b.  X'DilC  0:4 :i  Xo.  5,  J'lim  10.  1043. 

o.  XDIIC  0:4:1  Xo.  0,  July  10.  PM3. 

d.  XDIIC  0:1:1  Xo.  7,  AliRUrt  10,  1013. 

o.  XDIIC  0.4:1  No.  12.  Jnnunry  10,  1041. 

f.  N'DIIC  0:4:1  Xo.  13.  k'-brtinrv  III,  1044. 

R.  XDIIC  0:1:1  Xo  15,  April  Ml,  1044. 

It.  XDIIC  0:4:1  Xo.  10.  Mny  10.  1044. 

i.  XDIIC  0:4.1  No.  17.  June  10,  1044. 

j. '  XDIIC  0:4:1  Xo.  IH.  July  10.  1044. 

k.  XDIIC  0:4  I  Xo.  10.  Auru-I  10,  1041. 
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l.  XI >HC  0:4:1  No.  20,  Hrptcmlirr  10,  MM4. 

m.  NDHC  0:4:1  No.  2I.Octohrr  10,  1044. 

n.  NDHC  0:4:1  No.  22,  Xovrmlirr  10,  I1M4. 
it.  NDHC  0:4:1  No.  23.  Dnrrmiirr  10,  1!M4. 
p.  NDHC  0:4:5  No.  24,  January  10.  1040. 

30.  Cimlrno  OKM»r-325.  California  InatilMir  of  Tocli- 
nnlotty.  K.  II.  Mil  mill  Curl  Ntunumn.  NDHC  0:3 
lllf.  Hop) .  No.  07.  Tutor*  of  Ihr  l‘hy*irol  CooHanl*  of 
Chrmimt  Warfare  A  grot*.  Juno  5, 11*44.  Div.  0-200-M7 

37.  Cunlrncl  OKMcmr-24,  Tim  V,  ilm«*r  •nrtilntr.  Join* 
lloftklrtM  I'nivnrxity.  Alim  WontH  mnl  .lomt*  8. 
Fririlrnwitltl. 

H.  Ilrpl.  No.  20.  Thr  PinWrurr  of  MS  in  Control 
Timor,  I ix'  A.  C,  Hnrlf,  .If.,  January  22,  1043. 

Dlv.1Ull2.l3l.M7 
It.  Ilrpl.  No.  ,13.  Thr  hnmrniny  of  Ihr  Control  Epi¬ 
thelium  by  SlnMortt  noil  (Hhrr  A  grot*,  Mnrrii  30, 
1043.  Div.  1K3I2.I3I.M0 

r  Ilrpl.  No.  30.  Thr  hmarning  of  Ihr  Control  Epi¬ 
thelium  by  MoHonl.  II.  Effrrl  of  Temperature, 
.  Hrptrmln'r  10,  I1M3.  Div.  1K3I2.I3I.MI0 

i|.  Ilrpl.  No.  45.  Thr  iMiarning  of  Ihr  Control  Epi- 
Ihrlium:  III.  Further  Slwlir*  owl  on  Analipti*  of 
I ‘m-ioHnly  Hr/inrlnl  Fimting »,  Novrmlirr  30,  1043. 

Div.  IK3I2.I3I.M42 
r.  Ilrpl.  No.  54.  Thr  Effirl  of  Torino*  Ayr  Hi*  on  Ihr 
Aithrrrmr  of  thr  Cortitnl  Epithelium,  ,ltllii*  10,  I1M4. 

Div.  1K384-M4 

f.  Ilrpl.  No.  55.  Thr  Water  Control  of  Ihr  Cororol 
Kpilhrliitoi  oflrr  Trmlmrnt  trilh  U  owl  trilh  (Hhrr 
A  grttl*  t rhirh  I  Amor*  Ihr  Epilhrliom ,  June  17,  1044. 

Div  1K3I2.I34.MI5 

38.  Conlrnrl  OKMntir-51,  Ynlr  Cnlvrwily.  William  T. 
Hnlirr. 

h.  Hnllrlin  A.  ,4a  Inrertiyodon  of  Ihr  Mnlr  of  Atiioo 
owl  Thiropv  if  Chrmnvl  Irr Until*,  Mnrrii  4,  MM2, 

Div.  1K3I2  *2  Ml 

li.  Hnllrlin  I).  HrpInnlHr  I.  1042.  Div.  1K522.I2-.M2 
r.  Hr|iort  No.  21.  I'mgrr**  fir /tori  on  Trrt*  of  I’amiblr 
Thrmitnilir  A  i/r ill*  for  H  Burn *  on  Skin,  Drrrm- 
hrr3l,  MM2  Div.  1K522. 12-Mfl 

<1.  Ilrport  No.  24.  IVir  ./  of  Frrr  II  Hrmrrmhlr  from 
Hohhil  Skin  oflrr  I'  ,  loo*  lolrrml*.  MnV  2,  1043. 

Div.  1K3I2. 133-MI 
r.  Hr|iort  No.  28.  A'<  mtohflir*,  Caurtir*  owl  "II” 
Hunt*.  Mnv  lit,  104.1.  Div  1K3I2.43IKMI 

f,  llr|Hirl  No.  30.  Thr  Holt  of  Kmpmalion  of  "II” from 
l.iqunl  Drop*  on  hahhit  Skin,  May  17,  MM3. 

Div.  1K3I2.I33-M2 
(.  Hrport  No.  35.  Tr*l*nf  Cimtihlr  Thrmprolir  Agrnl* 
for  "11”  Horn*  on  Skin:  Orynnir  Compoowl*  Can- 
loining  Sulfor,  May  28,  MM3.  Diw  1K522.I2-M7 
h.  Thr  Crnlnhr.  Effrrl  of  Torino*  (Untmrnl*  Agnin*l 
Ihr  Syrtimir  Tnrinty  of  Cotonmo*ly  ■4  ppl'ni 
77.fi.-.,  Inn.-  14,  MM3.  Div.  1K522.2-MI 

I.  Ilrpori  No.  411.  Ti:m  Fnrtnr  in  Ihronlnminnliim 

trilh  Mnltro  I’mnlt  r* owl Oinlmt til*.  Nox-rnilirr  15, 
MM3.  Div.  1K522.I2-MI2 

30.  Con'rnrl  OKMrmr-57,  I'nlvmll.v  of  Cliimio,  K.  M. 
(liniinmi  Hnrron. 

I*.  Thr  Effirl  of  Ill'll  owl  II. FI  Oil  lltr  Mtlohnlitm  of 


Timur  Slirt*  mnl  *timt  Eiityiw  Sy*lrm*,  Hrplrinlirr 
13,  1042.  Div.  IK, 321.2  Ml 

In  Thr  Effrrl  if  77,/JJ  nttti  Tl.lffl  tot  Ihr  Mrlabolintt 
of  Timor*  owl  oo  thr  Artirily  if  Sotttr  Entymr  Sy*- 
trrn* ,  Drrnnlmr  18,  1042.  Div.  IK32I.UM4 

r,  Effrrl  of  HA  I,  oo  Hrrpimtitm  owl  (ilyroly*i*'of 
ll-Trmletl  Hot  Skin,  January  21,  HM4. 

Div.  1K.V22.U-M3 

40.  Conlrnrl  OKMrmr-82,  John*  Itopkin*  I'nlvrivily, 
MmiHrr  Sullivnn. 

n.  Hrimrl  No.  I.  Mnrrii  I,  MM2.  Div.  1K37I-M1 
In  Sumy  of  HV4r  Alrroily  Arromptirknt,  April  18, 
MM2  Div.  0  312.I3-M2 

r.  Shut  in  of  H>r  Effrrl*  of  IIS  oo  Ihr  Skio  of  for  Hot. 
III.  Obnrmtlioo *  oo  for  I'ottrro  if  Cttlooran*  In • 
jury  itt  Xonttal  Hot *  owl  Ihr  IMrrmionlino  tf  Ihr 
Mo*l  Siiitnblr  Silnfor  Trrtiny,  .Inly  3,  MM2. 

Div.  1K3I2I32-MI 
<1.  Slutlir*  tf  Ihr  Effrrl »  of  HS  on  Ihr  Skio  of  Ihr  Hoi. 

I".  A  Compnrimo  of  for  EJfrtl  tf  IIS  tut  Ihr  Skio 
of  Nttnoo!  Hal *  oof  Hoi *  Drffrirnt  in  Ihr  Eolirr 
Vitamin  B  Complex  (Hhrr  than  Thiamin,  July  24, 
MM2.  Div.  IK3I2.I32-M2 

r.  Slntlin  tf  for  Effrrl*  tf  IIS  no  Ihr  Skio  if  Ihr  Hoi, 

17.  Thr  Hrorlimtiao  Chtonmrnoa,  Hrplrinlirr  I, 

MM2  Div.  1K312.I32-M3 

f.  Slwlir*  oo  Ihr  Effrrl *  tf  II  oo  Ihr  Skio  tf  Ihr  Hal. 
Till.  Thr  hark  of  loffororr  tf  Mnnirr  Hour*  of 
Cryntallior  Vitnmio  H  Sopplrotrol*  oo  Ihr  Krlrot 
awl  Hrnliog  Timr  of  Cttlaoron *  Injury,  January  0, 
1043.  Div.  IK3I2.I32-M4 

It.  Stwl in  of  Ihr  Effrrl*  if  II  no  Ihr  Skio  tf  Ihr  Hal. 
IX.  A  Cnmparinan  of  Ihr  Injury  io  Fat  Ikffrirnt 
owl  Normal  Hot*,  Jntitiarv  15,  MM3. 

Div.  1K3I2I32-M5 

In  Slwlir *  tf  Ihr  Effrrl*  of  II  oo  Ihr  Skio  tf  for  Hoi.  X.  . 
Cnrlnhytlmlr  Urffrirnry,  Jnillinry  21,  MM3. 

Div.  1K3I2.I32-M0 

i.  Slwlir*  on  Ihr  Effrrl*  of  II  no  Ihr  Skio  tf  Ihr  Hal. 
XI.  Crnh  in  Drfinrnry,  Jumuirv  2I>,  MM3. 

Div.  1K3I2.I32-M7 

j,  Slwlir*  of  fo'  Eft  -f *  of  IIS  oo  Ihr  Skio  tf  Ihr  Hal. 

XIII.  .1  Comparimto  of  Ihr  Mirmneopir  Alteration* 
1‘nnlnml  by  thr  A p/ilirotinn*  tf  Small  Amount*  of 
IIS  owl  J  hi,  Mnrrii  0,  MM3.  Div.  0-312 132-MH 

k  Slwlir*  of  thr  Effrrl*  of  IIS  on  Ihr  Skin  tf  Iht  Itol. 

XIV.  Cyrtilnrittr  Ikffrirnry,  Mnrrii  17,  MM3. 

Div.  1K3I2. 132-MO 
I.  Slwl'r*  of  Ihr  Effrrl*  if  IIS  on  Ihr  Skill  of  Ihr  lint. 
AT.  Hihntlnrm  Urffrirnry,  Mnrrii  17,  MM3. 

Div.  0-312. 132-M  10s  ./ 

nt.  Slwlir*  if  Ihr  Effrti*  of  IIS  no  Ihr  Skin  if  HA  Hot. 
AT/.  Thr  Effrrl  of  Finliny  Corn  Amino  Brum - 
mnlr,  April  13.  MM3.  Div.  In3l2.l32-.MII 

n.  Stmlir*  of  Ihr  Effirl*  of  IIS  oo  Ihr  Skio  of  Ihr  lint. 
AT//.  I‘ontolhi nir  Ariil  Ihfiririny,  May  3.  MM3. 

Div.  0-3 1 2. 132-M  1 2 
«i.  Stmlir *  of  tin  Effirl *  of  IIS  on  thr  Skin  of  llir  lint. 
XVIII.  Summary  of  Ihr  lli*iill. i  if  Ti*l*  trilh 
Tin  inn*  Com/muml*,  May  21,  MM3. 

Div.  0-3I2.I32-MI3 
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|i,  SI  ml  if  if  Uffnl*  '4  US  on  thr  St  in  if  Ihr  Hut. 

XIX.  Vitamin  <1  Ihjlrirnry,  July  li!l,  1043. 

imv.  »mi  a.  i  mi  1 4 

q.  Slmiir *  of  Ihr  Kffrrl*  of  HS  on  I  hr  Shin  of  Ihr  HiU. 

XX.  A  nnlyri*  of  Ihr  Inffnrnrr  of  ('hnlinr  ami  I 'go- 

linr, Nrptrniiirr  I,  1043.  IHv.  MI2.132-M15 

r.  St  ml irr  of  Ihr  Kffrrl *  of  IIS  on  lhr  Skin  of  Ihr  Hal. 

XXI.  Thr  Kffrrl  of  a  I  Mir  1‘rntrio  ( I’anrin )  DiH, 

Hrplrmlar  I,  MM3.  Div.  0-3 1 2.1 32- M l« 

x.  Slmlif  of  Ihr  Kffnl*  of  IIS  on  Ihr  Skin  of  Ihr  Hal, 

XXII.  ktprrimrutr  with  Hinlin  Drfirirn I  Animal * 

ami  an  Krahialinn  of  Ihr  Kffrrl  if  AilminiSrring 
Hiatin  I’onrrnlralr  In  Xnrmal  Animal »,  Hqilnulirf 
I,  I  IMS.  IWv.  04I2.I32-MI7 

t.  Shill  if  of  Ihr  Kffrrl*  if  HS  on  Ihr  Skin  of  Ihr  Hal. 
XXIII.  Mngnrrium  llrjlrirnry,  H-pIrmlirr  I,  1043. 

Div.  MI2.132-MIS 
II.  Slmiir*  if  Ihr  Kffnl *  if  IIS  on  Ihr  Skin  if  Ihr  Hal. 
XXI  I’.  Ohm-motion*  on  Ihr  Kffrrl  if  Inanilnm, 
Xr|itrmlnT  I,  11M3.  Div.  MI2.I32-MIO 

V.  St  min*  of  Ihr  Kffrrl *  of  IIS  on  Ihr  Skin  of  Ihr  Hal. 

XXV.  Thr  Kffni  of  Trntlmrnl  with  Vitamin  .1, 

Hrpirmlwr  I,  I1M3.  Div.  M22.I2-MW 

w.  Slmlif  of  Ihr  Kffrrl*  of  IIS  on  Ihr  Skin  if  Ihr  Hal. 

XXVI.  Thr  Siir.-nilimi  Kffrrl  Hrmloml  by  Klrrion 
ami  Kxtrnnian  of  an  Rilrrmily  Immrrlialrly  aflrr 
Ihr  .1  pftliro'.ion  of  Ihr  Vriimnl  In  Ihr  drain,  Srptrm- 

lx>r  I.  MM3.  Div.  0-112  I32-M20 

41.  Cimtrarl  OKMnw-83,  YhIp  Cnlvwlty.  Hnn.irl  V. 
Iliirwy. 

n.  Hi  oh  ml  of  Xnrmal  tl’ililW  of  Ihr  Skin,  April  20, 

1012. 

|».  Mmiililv  l*r»*im*M»*  ttrpnri  ilatrd  June  20,  1042. 

Dlv.M30.Ml 

t.  ttrpnri  rlalril  Hrptrmlirr  I,  MM2.  Div.  (WIVM2 
i|.  Muiitlilv  I'niititw  llr|wrt  Xu.  H,  Keliruary  I,  1043. 

Div.  14-530-M3 

r.  PwRmw  Itrpnrl,  April  10,  1043.  Div  ".  ."30-M  I 

f.  Annual  Itrpnrl,  July  I,  1043.  Dc.  0-5.10-M5 

g.  I’nipnw  Ui'|xirt  No,  12,  Drrpniiiri  I  IMS. 

|)t\'.  0-11 1.2-Ml 

It.  |*rmrvw  lir|mrt  N'u.  13,  Marrli  10,  I  Ml, 

Div.  Ml 4.2-Ml 

i.  Pruunvii  lti>|K»i  N'u.  14,  Thr  I'm  of  Vyrurir  Aritl 
in  Ihr  Trrotmrol  of  Horn*.  May  2,  l!M4. 

Div.  0-514. 1-MI 

42.  Cnntrart  OKMmir-07  ami  OS,  May  Inxtitntr  fur  Mnliral 

Hiiioarrli  (Cinrinnati)  Arthur  Mirskv,  Slmiir*  irilh 
Vf  Irani  A, nol*.  April  20,  1042.  Div.  0-302- Ml 

43.  Cunt  ran  O*\Mrinr-l03.  (  nnirll  Mialiral  Cnllrfr.  D.  I*. 
Harr  anil  M.  H.  Snlxlimtrr. 

a.  Survry  Itrpnrl  nf  Vpril  20,  1042.  Div.  0-51.VMI 
1 1.  l|i’|inrt  iif  .him*  30,  1042.  Div.  0-522. 12-M2 

r.  Ho|»irl  nf  Si'plrnilxT  I,  1012.  -  Div.  IWflIVMl 
•I.  Ili‘|x»rl  nf  Niivrmlirr  20.  1042.  Div.  0-S00-M2 
i».  Oro  nlaltnn  Kxi* non  nl*  on  KaHutr  ami  Unman 
Rrimi r  in  Drrnntoniinaliim  ami  in  i’mlrrtinn 
At/nmtl  hath  l.iquiil  If  Itlor.l  ami  1,'qni'l  f/riliir, 

Marrli  20,  HM3.  Div.  0-523.1-Ml 

f,  I  'mnfiariiniH*  Hi  hrt  •  n  S'-  Jiff  in  IVntrry  Sn*in-n*ion*, 
In  I'nmlii  Vihirln  nml  ill  Ihi  Stamlonl  Oinlmml 


Ham  in  Hath  Karla  Hnvalaminalmn  mol  1‘mtnlnm 
if  Hahhil  ami  Human  Skin  matin*!  Mnrlonl  Horn*. 
April  R,  1043.  Div.  IMI 1 .3-M3 

g.  Rrpnrt  No.  tt-2,  A.  Thr  Kffrrl*  if  I'r r**orr  Haint. 
ngr*  an  Ihr  Broyrr*  of  Mnrlonl  da*  Uritint  on 
Homan  Skin;  B.  fnmyorinm  if  Ihr  Kfftrl*  of  I'nt. 
•orr*  Hamlngr.i  irilh  Hnrir  Anil  Oinlmml  ami  «*  J 
Solfalhiatolr  Oinlmml  in  Ihr  Trralmrnl  of  Xinr 
Day  Oh!  Cbrraliir  l.iqnhl  Morion!  da*  hr  inn*  mi 
Human  Skin,  AiiRiml  27,  1043.  Div.  14-122. 12-MO 
li.  Itr|airt  Nh.  IW,  limimrimm  if  h*itm*  I'rml-intl 
by  J.A  Milligram *  if  Mutton!  da*  an  Unman  Skin 
M'Arrr  A fi til h*l  (a)  By  Dm/itr!  From  .1-27  dnagi 
A',  .iltr  ami  {b)  by  Syrrmling  irilh  a  Small  Dim 
(Dnal.Tiy),  Aiiriihi  27,  1043.  Div.  0-3I2.I30-M2 

I.  !tr|mrl  No,  li-fl,  Drffnilirr  (hair)  Tnalmml  of 
Vru'cnlar  Mnrlonl  da*  Union*  on  Human  Skin, 
N.ivmiiIiw  3,  1043.  |)lv,  0-A22.I2-MI1 

j.  Itoporl  No.  14-0,  Skin  Trait*  irilh  Dilation*  if  Mo*, 
lanl  da*  ami  Ihr  ISirrminatinn  of  Utrl*  of  Srn*i • 
Unity  in  Xormal  Imliritlunl*  ami  in  Thom  Kx/n-ri - 
mrnlally  Ktfnmnl  to  Hrlnlinrly  Small  Amount*  of 
higuitl  Mnrlonl  da*,  Nnvnnlirr  I  A,  IIM3. 

Div.  0-3I2.I30.M3 
It.  Hc|airt  Nn.  H-7,  Ktyrrimrnl *  on  thr  Inhibitory 
Kffrrl  of  BA  f,  im  Vfiralion  HmliirrH  irilh  l.iqont 
M itafnnf  da*,  January  3,  11M4.  Div.  0-A22.I  l-M  1 

l.  Ilrjairl  Nn.  14-1 1,  Thr  Kffrrl *  of  Ihr  Snrmmier  far 
of  Chlorinating  Oinlmrnl  ami  HA  I .  Oinlmrnl  in  ihr 
Drmntaminntinn  anil  Trralmrnl  of  Skin  Silr*  Kt- 
/Nwnf  In  l.iquiit  Mnrlonl  dat,  Jnlltllirv  17,  MM  I. 

Div.  IWV22.II-M2 

m.  It«*|»ir»  Nn.  14-13,  Ih-ffnilirr  (I Mir)  Tnalmml  of 
Mnrlonl  da*  Union*  trilh  Sihrr  Xilralr  tjj%  in 
1‘rlrolnlnm,  Marrli  0,  1044.  Div.  M22.I2-M14 

n.  ilr|xirt  Nn.  14-IA,  Thr  Failnrr  of  BAD  Oinlmml  to 
Inhibit  Vfiralion  Pmluml  hy  llml  ami  Tinrlurr 
of  CanlhariHr*,  Marrli  17,  1044.  Div.  0-AI3.4-M  I 

n.  Ilr|xirl  Nn.  14-10,  Kffrrl*  of  l,rnirillin  on  Mnnlanl 
da*  U*inn»nn  Human  Skin,  Marrli  31,  1014. 

DiV.  tl-.YJ2.rj-M  10 

p.  l(i  |Kirt  Nn.  14-17,  Thr  Dnimlomimiliim  if  Skin 
Silr *  Krimanl  la  Mixturr *  of  l.iquiil  Mnrlonl  da* 
am!  Uinnilr,  Marrli  31,  1044.  Div.  0-523. 1-M2 

q.  lirpnrt  Nn.  14-20,  Tfl*  on  Ihr  Srnnilirily  of  IVhilr * 
nml  Xirni  lo  Mnrlonl  do*  nml  Utritilr  ( Inrlmliny 
Tfl *  for  Allrryir  Sratilitnlion  In  Mnrlanl  da*  Fol¬ 
lowing  Kxiurimrnlnl  Ex/mtun  ),  Junr  20,  HH4. 

Div.  02402-M2 

r.  ltr|Hirl  Nn.  14-20,  Thr  Kffrrl  of  .1  fi/ilimlionr  of 
Hgrurir  Ariil  Slttrrh  I’artr  on  Ihr  Hair  of  Hulling  of 
Mnrlonl  do*  Union*,  Srplrmlirr  5,  1011. 

Div.  0-514. 1-M2 

a.  tlrporl  Nn.  14-31,  Trrl*  for  Skin  Srnrilirily  In 
Mnrlonl  do*  on  Kximrnl  Sulijrrlr  nml  "Xon-Kx- 
ftomF'  Control  Snhjrrl*,  NnvrniU'r  2,  1041. 

Div.  o-;il2.i:40M5 
».  Krjxirt  Nn.  14-32,  Thr  Kffnl  of  .1  |«p/»rwf inn*  of 
Variant  Anil r  in  Slnrrh  1‘OMr  nn  Ihr  Half  if  llml • 
iny  nf  I 'In  hi  mil  Burnt,  I  Vlimury  5,  1015. 

Div.  0-511.  l-M  I 
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II.  No.  IU33,  77.  <  ('nmpamlirr  Kffrrl*  nf  /'y 

mrir  ArbloSliink  Fantr  ami  Hlnnk  Stank  VaSr  in 
Ikr  Trmlmrnl  nf  Ckimiral  Hunt*,  Felattnry  10, 
MM.",.  Div.  0-V14.l-.M3 

v.  It<*|Hir1  No.  11-34,  Thr  IMolitr  Kffimry  of  Hnr*r 
Srrum  Fnllniml  by  Hml-lstmfi  ami  nf  Siilfmliatinr 
Oinlmrnl  in  Ikr  Trial  limit  nf  Ckrmirat  Horn*, 
February  12,  HM3.  IHv.  tU.VI.VM3 

W.  Ite|airt  No.  11-33,  Thr  Kffirl  nf  Sbuiyk  Hrmnral 
irith  /‘urn  fir  AriiWSIarrh  l‘n*lr  nil  I  hr  Hair  nf  Ural • 
iny  nf  I'krmiral  Huron,  February  14,  ItM.V. 

Div.  1I--.I4.1-M4 

X.  ItefaHl  No.  IU3D,  1‘yrurir  Arid  St.-rrk  1‘nntr  Fnl- 
burnt  by  Siilfmliatinr  Ointmrnl  Cnmpaml  irith 
Snlfmlintinr  Oinlmrnl  Ahmr  in  thr  Trratmrnt  nf 
I'krmiral  Hum* ,  February  14,  IVIS. 

Div.  ti-.M4.l-M.*. 

y.  l{«>port  No.  H-37, ('om/mralirr  Kffirl*  nf  Dry  Dm*, 
iiiy *  anil  nf  SimHiimi  Siilfailintinr  Oinlmrnl  .1  fi/ilinl 
In  ('krnnral  Hum*  Sobm-goml  In  Trmlmrnt  irith 
1‘yrnrir  Ariil  Starch  l‘a*lr,  Fritnwiy  14,  ItM.V. 

Div.  It-.',  14. 1 -Mil 

«.  Itp|*irt  No.  |t-3M,  Fortkrr  Kx/irrimrnl*  tut  Ikr 
Trralmrnl  nf  I'krmiral  Hum*  trilb  Silrrr  Xilralr 
!»*.’?  Oinlmrnl,  Felaimry  IH,  IHV 

Div.  tU.VI.VM4 

nn.  No.  It-3t»,  Inmliynliim*  nn  Vrbirlr*  In  Hr- 

)ttnrr  Slnrrk  l‘a*lr  in  Ikr  Anil  Trmlmrnl  nf  Hunt*, 
Felonry  28,  MM3.  Div.  0-.Vt4.3-MI 

l>l».  H<*|>or1  No.  It- 10,  Thr  Kffirl  of  I’yntrir  Ariil  Trml - 
mrul  an  Ikr  llmliny  Hah-  of  Simulant  Hiyrrimrnlal 
Tkrrmat  Hurn*,  .V|iril  It,  ItM.V.  Div.  0-.VI4.t-M7 

<*e.  I|r|«irt  No.  14-41,  Thr  Com/iaralirr  Kffrrl*  nf  .1  pp li. 
ration*  if  l‘hn*)ihurir,  Tynirir,  ami  Tarlnrir  Aral* 
nn  Ikr  llalr  of  llmliny  of  ('Itninml  Horn*,  At>Ht 
13,  HM.V.  Div.  tU.Vt4.4-M2 

«M.  lt«*|iorl  No.  li-42,  Thr  ('om\*iralirr  Rffrrt*  nf  ,t  / ,ph- 
ntlinn *  nf  l‘ko*fikorir,  1‘yrurir  ami  Tartar hr  Am  * 
nn  Ikr  Hah  of  llmliny  of  Thrrmnl  Horn*,  A|m  it  17, 

ItM.V.  Div.  tU.VI4.4-M3 

is*.  ttriHHi  No.  IU43.  fomimrimn  nf  Ikr  ('norm-  nf 
Chiiniml  ami  Thrrmnl  Hum*  I  mlrr  Hyrurir  Ariil 
Slnrrk  l‘n*h  Trml  mini,  May  It,  lill.V. 

Div.  tU.VI4.l-.MM 

ff.  ltr|Hirt  No.  lt-44,  Milhinl*  for  Hinloyi ami  labora¬ 
tory  Ti*t*  nf  Vihirlr*  Vro/nuinl  for  l  »i  in  thr  Anil 
Trmlmrnl  of  Hum*,  June  4,  ItM.V. 

Div.  tU.VI4.3-M2 

(DC-  Hi’I'orl  No.  H-4.V,  Thr  (iiminralirr  Kffnl *  of  l‘y- 
rnrir  Anil  Starrh  l‘a*lr  ami  Wank  Slnrrk  l’a*lr  in 
Ikr  Trmlmml  of  Tkrrnml  Horn*,  .llim*  .V,  ItM.V. 

Div.  IU.VI  i.l-Mti 

till.  I!e|sirl  No.  14-411,  lnn*liiml»ni*  on  Vthnli*  In  Iti- 
lilari  Stank  I’ltnli  Iki  Ami  Trmlnnnl  nf  Hurn*, 
Jiiim*  7.  ItM.V.  Div.  tU.VII.3-M3 

41.  Coinrael  OI.Mrmi-IOM,  D.  Wright  Wilson  nml  llarrv 
M.  Vnr»,  Sliolii *  on  tin  th rnntnin niatinn  of  Liynnl  Mo*, 
hint  on  Human  Skin,  .Inly  21,  l!M3.  Div.  IU.V22.I2-.MM 
4.V.  ('outran  OHMemr-l  II,  llnrvanl  i'nlvrrsity,  D.  K. 
Cogno.  itepl  No  M,  I'orrilalion  of  llalr  of  ttmrtinn  of  IIS 
ami  I/S  Inti  mo  limit*  irilhin  T 'nr  null  T'**oi  (In  I  tiro  I 


milk  Ikr  rffrrt  1‘mlnrrtl,  Ity  l>.  K.  Cognn,  V.  H.  Kilisey, 
siiitl  \V.  M.  (Irani,  Deeeiula’r  21,  1012. 

Div.  1U3I2.I3I-MH 

44t.  Voiiintnry  Project,  Yak*  Cnivrraily,  It.  S.  Iturr,  Klrrlra* 
mrtrir  Stmlir*  of  Skin  Hum*,  Mart’ll  7,  HM2. 

Div.  1U3N3-MI 

Mf SC  ELLAS EOIS 

t?.  M.  It.  Siitxla-ntor,  It.  I,,  ttavr,  A.  Kimof,  amt  ('.  Dawn-  * 
tier*.  Skin  SriiMilitnlian  In  \‘r*imnl  Ayrnl*  of  I'knairal 
Wnrfarr,  Cluipter  2  (|mges  IIMMi)  of  Valium*  III,  Skin 
anil  Synlrmalir  l‘ni*nn*,  of  the  Fasciculus  oil  ('krmiml 
Warfarr  M-ilirinr  prc|mreil  for  tla*  Committee  of  Misli- 
eal  Hrsearch  of  the  Office  of  Scientific  Itow-irrli  ami 
Developuriil  l,y  lla*  Committee  on  Treatment  of  (!aa 
Camiallio*  of  tla*  Division  of  Mnticnl  Sra'iaw  of  lla* 
Nalkaiat  lMs>enrrh  Cinincil,  1013.  Div.  !U|  IIUM.'I 

4M.  M.  It.  8utxtn*ntrr,  It.  I,,  liner,  anil  t\  Isiwmlier*,  Tkr 
O.S.H.I).  1‘myram  for  Trntiny  I'hlommiilr  t'linlnininy 
Oinlmrnl*  far  Tkrir  Htlalirr  Irritancy  ami  for  Thrir 
Hilalirr  Dcmnlnminnting  nml  I'mhilirr  I ‘ra/wrUr* 
again*!  Moflnnl  lla*  nn  Human  Skin,  i'luipter  3  (|k.„ik 
07  00)  of  Volume  III,  Skin  anil  Synlrtnalir  I'ninm*, 
of  lla*  Fnaeletllil*  on  (’krmiml  Warfare  Mntirinr  pre- 
| mo'll  for  lla*  Commillee  oil  Mmlieal  lleaenivh  of  tla* 
Dfliee  of  Mmentifle  Itoaeareli  nml  Developna'iil  liy  lla* 
I'fNiimillee  oil  Treatment  of  (!na  ('nalinlliea  of  the  Di¬ 
vision  of  Meflieal  Srn*iimt  of  lla*  Nalimml  Itmenrrh 
Ciainril,  HM.V.  Div.tUtlR.M3 

4SI.  M.  It.  tiotxlN*ntrr,  It.  I..  liacr,  nml  C.  Dmeiilmru.  Tkr 
Car  nf  HAL  am!  HAL  1‘rriiamlinn *  in  (’nmhnliny  Skin 
Dnmagr  hy  Lrtri*ilr  ami  (Hkrr  Anrniml  Warfnrr  Agrnl*, 
Cluipter  4  (ikirpt  II4VI70)  of  Voliina*  III,  Skin  nml 
Synlrmalir  1‘nimn*,  of  tla*  FiiHrleiilua  oil  ('krmiml  ll'ar- 
farr  Mrtlinnr  |ire|Nired  for  tla*  Commiili<e  oil  Mcalieal 
Itewiirrh  i»  ila*  Otliee  of  SrienliBe  Itrarareh  nml  Dr- 
velopnami  hy  lla'  Conunillee  on  To'.ilna’iil  of  (las  Cns- 
uallios  of  lla*  Division  of  Mullral  Selenri’s  of  lla* 
Nalioiial  lleaeaiTh  Colinrit,  ItM.V.  Div.  tU||(UM3 

IS f TED  STATES  ARMY  NEHlKTS 
Chemical  Warfare  St  rvirr 

.V0.  CHS  ItiarnmrotiiRimi  Itwareh  Division  llept.  No.  200. 
Inihriilnal  Varialinn  in  Sn»ri)ilihility  In  Mnnlanl  (la*. 
II.  Tkr  Military  Imimrlnnir  nf  Ikr  Varialinn,  ItllH, 

.VI.,  HAM  ill)  W.  Hlinlrriit  y  ('onrrtilmlinn  nf  Mnnlnrtl  (in* 
Va/mr* far  Krimmirr* from  Firr  Minnlr *  In  Tkrir  Hour*, 
January  10,  1023. 

■V2.  KAMltD  24.  Tor  Ckrmiml .  I  cl  inn  nf  Mn*lanl  Wilkin  Ikr 
Hmly,  Orloimr  10,  1021. 

.V3.  HA  Mill)  til.  Kffirl  nf  llnmiilily  nn  Vo-  Vrmatil  Arlinn 
if  M o*tnnl  (In*,  M‘l,  Mrlkylilnktiiriirninc  nml  Milkyl • 
iliffimmrtinr,  June  2.V,  I02M, 

.VI.  HATH  2 IV  Hiltl-I'hlnrinlhill  Mirm/ilnn.  I'llrl  I.  Frc/mra - 
linn.  I’nr!  It.  Toxicity:  M  it  low  l.-lhnl  I'tinri  iilrnhiin  for 
Mirr  nml  \'r*iranl  Action  on  Mini,  Scpteiiiia’r  20,  1030. 

•VS.  H\Tlt  2trj.  Fnlkoliiyy  of  llml  nml  Mii*lant  Horn*-  A 
Cnmim'imin,  January  Ml,  1030. 

30.  HIM  H  \ )  2  lilin*ytirrn*y  In  X ilrio/t  n  M nntiirtl  (  Xn.  II  ',i> t, 
Jills*  .3(1,  1013. 
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mrnt  nf  IIS  Iwaiaar,  Sipteiiilier  0.  1030. 

OA.  TDM  II  3A0.  S' nr  t'liiuiuinniln.  Phyairal  I'nnnlantn  of 
Certain  Organic  t'tiiiifiiiiinih  ( Mnntanl  tlnmatai/urn), 
Juno  20,  MM2. 

00.  TDM  II  400.  Thr  Rffni  of  Hrlntinr  Humidity  ami  Trm - 
prraturr  on  thi  Vrnirnnt  .Irtion  nf  Liquid  Mnntanl,  Do* 
oomlior  2,  MM2. 

07.  TDMU  032.  Loral  Srnmiitaliim  of  Human  Skin  lo  HS 
hy  mrnnr  nf  Srnnilirr  Srrum ,  April  20,  1043. 

08,  TDM  II  070,  Dintrihiitinn  and  Hair  nf  Prnrtraliou  of 
Mnntanl  in  Skin,  Jtllto  .1,  1043. 

00.  TDMU  730.  .1  Preliminary  Study  nf  thr  Effirt  of  Writing 
Agrnln  on  thr  Vinimnt  Powtr  of  II  anil  /.,  .'.mriixi  30, 
1043. 

70.  TDMU  731.  Thr  Valur  nf  I’rrmrahlr  Prntrrtirr  Shnrln  an 
a  inraiin  nf  Iti  h  i  ini/  tin  Somber  nf  Ciuunllira  from  Ex- 
parurc  to  II  IVl/KJr.  tint  Chamber  Train,  Soptomlior  !), 
1043. 

71.  TDMII  778.  Wrllt.g  Agrnln  in  Vrnirantn:  thr  Squirm 
H-Hfl-Alknlrryed),  Ihromlicr  II,  IIM3. 

72.  Till. II  43.  Tlir  Cnmimmtirr  Phyniolngirnl  Rfrrt  of  II  on 
Sinri  anil  Cnuramau  Suldirrn,  Srplcntlx'r  12,  I1M4. 

73.  Mnlirnl  DivUi.Mi,  Inf.  Mimtli,  Proff.  Urpl*. 

n.  OolnU-r  1014. 

I».  Xovcmlipr  1041. 
r.  .l.-iniitiry  IIM.1. 
il.  Kcltmnry  MM1. 
i\  Mntrli  101.1. 

f.  \|*rll  101.1. 

g.  Mny  IIM.1. 

Ii.  Scpii'liilier  UMI. 

74.  Mlllu l:.\)  Inf.  M.nnli.  IV.  *.  U.pN. 

n.  AuriixI  1.1.  1013 
l>.  Srpicmlirr  1.1.  1013. 
r.  Ort..lxr  II,  1013 
il  IWmlrr  1.1.  |n|3. 


р.  April  IA,  UMI. 
f.  Mny  1.1,  I1M4. 
r.  Join*  IA,  1044. 

Ii.  July  IA,  1044. 

I.  Spp|pnti*r  IA,  UM4. 

7A.  TltfJKA)  Inf.  Montli.  Pm*.  Ilrpt*. 
n.  July  IA,  1044. 

I>.  Srplrmiicr  1.1,  UM4. 

70.  I'nltprxity  of  ChirnRo  Toxicity  Lilxirntory  Ui‘|il.  X«. 
.10.  Thr  Rffrrtn  of  Trmprraturr,  Humidity,  anil  Sninon 
on  thr  Heart  ion  e  nf  Human  Skin  In  Mnntanl  I'n/mr 
( Chamber  Train),  Xovnnlipr  30,  MMA.(Wurk  linin'  lllnli'r 
t'licmipnl  Wurftirr  Servin'  ('ontnirl  W-4IM1A7*C\VS-23 
nml  Itiimio  of  Mnlirlin',  Xnvy  Dcpnrtmi'iit,  Kiwnrrh 
Division  Project  NATO). 

77.  ('outrun  W-4IMM74'WS-23,  I’nivemlty  of  (  lilniRo 
Toxicity  l-nlmmtory.  Inf.  Montli.  1*1X81.  Ileptx.  oil 
Toxirity  and  Irritancy  nf  Chrmiral  Agrnln. 

n.  Xo.  X.S.  2,  Mny  t.1,  104.1. 

Ii.  Xo.  XX  3,  June  1.1,  104.1. 

с.  Xo.  X.S.  0,  Minmry  1.1,  UM0. 

r SITED  STATEN  NAVY  REPORTS 

Monti  Hrmrtrrh  Laboratory 

78.  Krport  Xo.  P-2210.  Chamber  Train  with  Human  Snhjctln. 
III.  Hrnign,  (Iprralinn  and  Calihratinn  of  a  Chamber  for 
Exposing  Fartarmn  In  II  Vapor,  Jnilllnry  22.  I1M4. 

70.  Up|mrl  Xo.  P-2304.  J  Controlled  Laboratory  Exiwrimrnl 
to  Com  parr  Lrninnn  Smutting  from  Apfdimtion  of  Mnn¬ 
tanl,  Iswiailr,  ami  Nilmgrn  Mnntanln  la  thr  Skin  nf  thr 
Fnrrarmn  of  Humana,  SrptcmlKT  I,  UM4. 

80.  Iti'liort  Xo.  P-2404.  Chamhrr  Train  with  Unman  Snbjrrln. 
I*.  ,lm  Chamhrr  Expannnn  la  HN  Vafmrn,  Mnrrli  IIMA. 

81.  Ui'|iori  Xo.  P-2.170.  Chamhrr  Train  with  Human  Suh- 
jiitn.  IX.  Hnnir  Train  with  II  Vnfuir,  AiiriihI  14,  IIM.1. 

S2.  Ill'll.  >r  I  Xo.  P-2734.  Chamhrr  Train  with  Human  Sllb- 
jirtn.  .Will  Train  with  IIX  Vnfuwn,  Jntitiiiry  0,  1010. 


V SITED  STATES  PVRUC  HEALTH 
SERVICE  REPORTS 

83.  Tnxir  Arlinn  nf  M'-Dirhlonuthyl  Sutfidr  ( Mnntanl  dan), 
liy  Curl  Yopflllti  mill  oilier*,  Xniioiinl  ('min>r  In-*t It ut«*. 
Xnlbninl  Inxlilulp  of  llt-nllli.  I’nllnl  Slnti*  PiiMIp 
HixiIiIi  Servin',  mnlmi'il  (rcccivcil  liy  XDIM’  on  An- 
riixI  30,  UM.'i). 

(  SITED  STATES  (  SITED  KISHDOM 
REPORTS 

Project  (Tmnh'natinii  Staff  ( E>l(p  iriunl  Armani ) 

84.  18  S  Kept.  Xo.  7.  Slntun  Summary  on  thr  lh  lot  in  Valiun 
of  II,  IIS  I,  and  IIX.I  an  Hnuih  Flllinga,  Ifcxx'lllInT  7, 
UMI. 

81.  PCS  Kept.  Xo.  0.  Hi  mi  mi  of  Hrrrnt  Knnwiidip  on  thr 
Tirhniral  Anfurla  nf  Chrmirnl  Warfare  in  tin  Field, 
Mny  17,  IIM.1. 
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BRITISH  REPORTS 
Chemical  Defence  Experimental  Station,  Portan 

8(1.  Poetoo  Mrmoramlum  No.  M.  Ctatmiflert  hint  of  Compound* 
Rxaminnt  Pkytiulagienlly  Since  lltttt,  Ortolirr  11M1,  mill 
Addendum  I,  Junr  4,  1043. 

87.  Porlon  ll(*|H>n  No.  483.  The  R fleet*  of  Ihr  Vapor  of  It  oh 
thr  Human  Skin,  Mtt.V  31,  11*27. 

88.  Porton  Itqmrt  X«t.  (Wl.  Srnmlirity  to  Mutant  (So*, 
July  22,  11131., 

81*.  Porlon  llrpori  No.  048.  Further  Report  on  Srnmlirity  to 
Mnrtan!  Go*,  23.  11*31. 

1)0.  Pinion  Hrport  Xo.  2223.  Thr  Aftrr-Trmtmrnt  of  Mutant 
(In*  Injury  to  the  Skin  of  Horne*,  Junr  17,  11M1. 

1)1.  Port  on  H(>|Mirt  Xo.  2421).  The  Relative  lH*rn»itMty  to 
Sfimtairt  (la*  of  thr  Skin  if  Ihr  Hnmt,  UnjiHmilrr  21, 1042. 

112.  Porlon  lti'|iorl  Xo.  2483.  Chemical  Stuitir *  on  thr  Slntr 
of  Aetion  of  St uutarrt  (la*  on  Protein*.  Hart  I.  Thr  Xaliirr 
of  thr  (  ambinatian  of  H  milk  Protein*.  Frlminry  10.  1043. 

1)3.  Pori  on  ItiiMHi  Xo.  ‘2318.  Thr  Prrrrntinn  of  Vrniration, 
July  20,  11)43. 

1)4.  Pori  on  llrpori  Xo.  2322.  Thr  Trralnirnl  of  Mnutant  Git* 
HI  inter*,  July  20,  1043. 

03.  Port  on  Hr|uirl  Xo.  2348.  Vapittnry  l‘rrmrohility  Parlor* 
Rrlatnl  to  thr  Artiim  if  f 'll'  Ayenl*.  Part  I.  Drmtmrtrn- 
lion  of  thr  Prrnrnrr  of  Surh  Potior  •  in  Certain  ( 'll'  Patho¬ 
logical  RiiitMr*,  Srplentlirr  21,  I1M3. 

00.  Porlon  llrport  Xo.  2010.  Rarly  Change*  Pmlurtrt  in  Ihr 
Skin  if  Animal*  hy  II,  April  14.  1044. 

1)7.  Porlon  Ht'imrl  Xo.  2031.  A’rir  Artier  Cnnntilueni*  for 
Anti-Go*  Ointment*.  Pnrl  I.  Competitor*.  July  20,  1014. 

1)8.  Porlon  lli'iiort  Xo.  2033.  Capillary  Permeability  Parlor* 
Retain!  to  thi  Aetion  if  f 'll'  Agent*.  Part  II.  Thr  Prepa¬ 
ration  amt  Partial  Purijtmliim  of  Isurnliuinr:  Some 
Purthrr  Phyniulnyiral  Pniprrtie*,  July  21,  1044. 

00.  Porlon  llr|iort  Xo.  2037.  AVir  Artirr  Canulitiirnt*  for 
Anti-da*  Ointment*.  Part  II.  /t-Alkniy  Itrriralirr*  u) 
Chtiuamme-H,  July  21,  1044. 

100.  Porlon  lli'imrl  No.  2047  The  Mnrtr  of  Penetration  of  thr 
Skin  by  Militant  (in*,  S'plrndicr  H.  1044. 

101.  Porlon  Uiimrl  Xo.  201)1.  ,1«  Eifurionntal  Shitty  if  thr 
Rflrrt*  if  Applying  Pmmun.  II  Burn*,  July  3,  1043. 

102.  Pin.  1200(11.18)43).  Viniianry  of  Hatmpiwtnl  Sulphnnr* 
rtr„  Jill v  23,  11)41. 

103.  Pin.  I2t«>  ( It. 12033  mill  II.  14727).  Cnmpnmtirr  Vrnirnnt 
Pmprrtn*  of  Vr*inmt  ( 'iimpnittnl*,  DcecmW'r  10,  1041. 

104.  lin.  118)1  A  (Y.I338).  Rflirt»of  It  Vaimron  Shin,  Krltru- 
nr>-  7.  1043. 

103.  Pill.  1733  (S.28U7)  Rrfmrt  an  th,  Phytiatnyiral  Examina¬ 
tion  of  tit  Sannili*  it-Chliin*ihyl  Snlphiili*,  Mnrrli  0, 
1012. 

100.  Pin.  2H00  4  (T.10278).  Skin  lti*imn*r*  In  Dilute ,i  Sluo- 
tan I  Go*,  AuriiiI  4,  1043. 

107.  Pm.  2wx>  (T  12732  mul  mtminiirn)  T.I2,8)S).  The  Bio¬ 
chemical  Miuti  of  Aitimi  of  Sliintanl  (in*;  .1  ttirieir, 
l)iioU>r  2,  1013. 

Rnuarrh  Entabh*hmi  nt,  Sutton  Oak 

108.  S.l).  II.  083.  V, meant  Art. on  amt  \t nt.rular  Strurturr . 
Ortolirr  18.  PIW. 


Extramuml  Rcmarch 

10!i.  Cum  I  uii  1*0  Htochrmkn!  Ijilmrnlory  (M.  Dixon  nml 
A.  W.irmall) 

n.  Dixon  Hrpnrt  No.  I  (C.248I3).  Thr  Slrtabnlim  if 
Normal  amt  Vnirant  Trraint  Skin,  I).  M.  Xml* 
tinm  nml  M,  Dixon,  Frltrnnry  1041. 

Ii.  Dixon  l(i'|Mirt  No.  8  (V. 10348).  Stuitir *  on  thr 
Sfrrhani»m  of  Btintrr  Formation,  J.  F.  Dnnirlli  nml 
M.  Dnnirlli,  forwnnlrd  liy  the  Chwtlrnl  Itonnl  im  ' 
SrptrmlirrS,  1041. 

f.  Dixon  Kcport  No.  0(V. 17203).  Thr  t'nrof  Prog*  in 
Tenting  for  Vmirant  Artirity,  J.  F.  Dnnirlli  nml 
Mnry  Dnnirlli,  Drcrmlii>r  18,  1041. 

il.  Dixon  Krimrl  No.  ||  (V.178181).  Inhibition  if 
Hrxnkina»r  Skin  Gtynityni*  a*  a  Trntfnr  Vrtiranl*. 

M.  Dixon,  R.  vnn  llryninRm.nmll).  M.  Xrnllmin, 
mil  ilntnl. 

r.  Dixon  ltr|nirl  Xo.  14  (W.0703)  Some  Rflrrt*  of  II 
on  Skin  Slrlabolitm  (With  an  Apprmtir  on  thr 
Slrrhanium  of  Glyraty»i»),  D.  M.  Xwlhnm  mul 
M.  Dixon,  fnrwnnlml  liy  tin-  Cliemiml  Hunt'd  ..n 
July  22,  t042. 

(.  Dixon  ltr|Mirt  No.  10.  (Y.7483).  Thr  Phonphokinnnr 
Theory  if  Vrriretiau:  II*  Prrtrnl  Ponition,  M. 
Dixon,  forwn  riled  liy  tin*  Chemical  Hoard  on  June 
21,  1043. 

R.  Dixon  ltr|mri  Xo.  30.  (Z.07I0).  Thr  Aetion  of  II  on 
Rntymr *  anil  Protein*.  K.  Ilnilry,  T.  K.  Hnnkn, 

J.  C.  Itoumnrll,  (1.  I!,  Franck  mul  I-!.  (’.  Wrlili, 
Nrplrmlirr  21,  1044. 

h.  V. 18038.  Pragrr**  Report  Ortnbrr  llt.Vt-Ortnbrr 
Witt.  A.  Wormnll,  circulated  liy  llir  Cltemirol 
Hoard  on  Drcendirr  10,  1040. 

MO.  ( 'nml nil ktr  1'nivrrnlly  NtmnRrwny*  Hcncnrrh  lad* 
onilory  (It.  tl.  Fell ) 

n.  XF.0330.  A  Hintotoyirnl  Stuily  of  Ihr  Pi-nitration 
amt  Sprratl  of  Dirhlnnlirthyl  Sulphate  in  Timur* 
in  Vitro  amt  in  Vila.  II.  II.  Frll,  nnl  ilnlml. 

Ii.  V.07I3.  Rrimrt  on  Some  Chrmiral  amt  Biological 
Prupcrtir*  of  It  Ihr  Pnntort  on  InlinieUun  of  0,0'- 
Diihlori*lirlhyl*Htphiiti  trilh  Pont  Plamna.  C.  tl. 
Altxopp  nml  II.  Ii.  Frll,  July  1041. 

r.  XY.IHOO  nml  mrrrrtum  Y. 10038.  The  Rflrrt  on  thr 
Skin  of  Mire  of  Rrpratnl  Application *  of  SI i note 
Quant  it  ir*  of  Slnntaril  Gn*.  II.  Ii.  Frll  nml  C.  II. 
Allmipp,  July  1013. 

111.  Oxford  K.vr  llmpltnl  ■  Xnllirld  Ijilmratiiry  of  Oplillud* 
nuiloRy  (I.  Mmm).  V.2I043.  Hinlogirat  Pngiertir. *  of  II 
Collagen,  Tnorthcr  trtlh  a  l)i*rn**ion  an  Ihr  Pauliirtinn  of 
II yiier*en*itirily  by  Simplr  Snh*lnnrr*.  X,  Pirlr  nml 
Ii.  D.  PolluiRrr,  forwarded  liy  tin*  t'lirmlml  Hoard  on 
Frlmtnry  14,  11)42. 

112.  Oxfonl  I’nivrmiu  —  Dywni-Prrriun  (.nliorntory  (A.  II. 
Fnrd-Moorr).  Y. 1 1724.  Thr  Ar*r**nirnl  of  Vrm'ranl 
Power,  AiiRlwt  28,  11)43. 

113.  Dxfonl  l'nivrr»ity  Dopiirlnnail  of  l•,orlH•mi<'try 
(II.  A.  !\iw>) 

n.  lli'lMirt  Xo.  2.  The  Relation  Hi  linen  Toxicity  hi 
the  Pyr  untie  ttjriila*r  Rntymr  Sy*hm  a  ml  Vttirnnt 
Action,  liy  II.  A.  IVtrm  mid  II.  \\.  U'nkiiiu.  Jnliu- 
nry  1040. 
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h.  Ib'|K»rl  No.  7.  (t'.3?84).  Furihtr  Stu.lp  of  t’munhlr 
A ntnlnlr*  In  //  (MiiMarH),  l*y  It.  IlirfNlny,  A.  (i. 
(tototi,  J.  81.  I..  IliiliMit,  it  ml  t.,  Storkrtt,  Mny  I, 
HMO. 

e.  Ih'iHirt  Not  18  (mbk'tulum).  hinnppmmnrr  of  H 
Apptinl  In  Homan  Skin,  by  Pi.  It.  Ilnliibiv  ttmi 
A.  IS.  O/plon,  Mnrrh  2.5,  IIMI. 

<1.  Itr/iorl  No.  28.  ( t  *.2TMMk5).  Kffrrl  of  Suhttnnrr* 
(Hlrr  thou  H  I'pon  Snmr  Drliotnwjrnaitr*,  by  It.  A. 
IVtrr*  mnl  II.  Wiikclin,  P’l'lminfy  3,  lull. 

c.  lb‘|iort  No.  30,  Purl  I.  (V.IIU7S).  hhormriim i* 
l'/mo  llr  Xnlnrr  of  Hr  ('amponml  of  M ntlanl  (Son 
trill  Krmtrin.  Fort  /.  /Vr/nwi/Aw  noil  Snmr  !‘mp- 
rrlir*.  by  l(.  A.  IVlPIKimil  It.  33'.  Wnkrlin,  Novi-m- 
IIMt. 

f,  lb'|<ort  No.  81,  Part  II.  (3’. 15733).  Somr  Ohurrm- 
torn*  I  '(too  thr  Sttlurr  rtf  thr  ('om/miiml  of  Mimlanl 
dor  trill  Hrmlrin.  1‘art  II.  X  ilniprmmirtr  Hmr* 
Uutut  of  Hr  Hrmlrin  1‘rritamlinn*  noil  Somr  Tlitt 
Ktlrr*,  by  II.  A.  IVtrm  mul  ||.  W.  Wnkrlhi,  ftw- 
wnrilrii  by  Ibr  <  ’lirnilrnl  Ikinnl  on  Novi'inUf  23, 

.nil, 

K.  Itn|mrl  No.  40.  ( V. 20007).  On  llr  Mrrlnnhm  of  Hr 
IHiitiinnjiml  . I  Winn  of  Mnnlanl:  a  Comparirnin  of 
Somr  Vmfirrlu *  of  Mimlanl  noil  lit  Ahatmj*,  by 
Pi.  It.  Ilollilny  mol  A.  0.  Oftnliin,  .Inmmry  MM2. 

It.  lll»|Htn  No.  .30,  (V. 200,38).  Tlr  Trmlmrnt  of  Slur* 
Hot  do*  Ct.  ilnminalion  trill  IITII,  by  II.  II.  8. 
Tlioiii|mon,  Jnnnnry  8,  MM2. 

I.  lti'|iort  No.  51.  (V.2U444).  I,rrliminarp  Hr  port  on 
llr  S'trrr**ful  llijitrr*rn*ilitnlinn  of  llr  Skin  of 
Hoiitm  1‘iji*  In  Mimlanl  fii»,  by  Pi.  It.  ituliilny, 
PVImmry  IOI2. 

j.  Itt’|n>rt  No.  53.  (W.4I.34/A).  Tlr  S/tHlling  of  llr 
Thinrlhrr  l.inkmir  in  Crrlaln  Drrimlirr*  of  Mom 
font, by  A.  II.  P'nril-Moort*,  It.  A.  Pirtorx, »mi  It.  W. 
Wnki-liii,  Mnv  II,  MM2. 

k.  Ib<|mrt  Xii,  3tl,  (W.32I7). fnm Ifrmim' ,» fimani 
1‘ifl*  II Ml"  rnrnmlitnl  In  //,  by  Pi.  It.  Ilothlnv,  JlllM* 
HI.  1043. 

l.  Ih'|mri  No.  (12.  (33.  8300),  Tmthmitl  of  Munlnnl 
Horn*  trill  X-rli-rltiimrllanmitiilnmimnli ,  by 
I..  A.  Stnrkm,  J-lv  18.  1052. 

HI.  Itl*|mct  No.  Ir  (33*.  1.3840).  Tlr  Sitptlfimnrt  of 
l'hnhlirKlirn*i  Inliibilintt  in  t’oiKaniiiil  hi /  ('It  mi  ml 

ft  "trout*,  hy  II.  II.S.TIn>ni|iw>n,  Novi'IhInt  (I,  MM2. 

II.  Itrporl  No.  72(3  1(150(0.  Tlr  loltnrnrr  of  t’rrlmn 

Ihlh  in  Coni  /mu  ml*  I  i*iii  Tnfirih/  of  Somr  IV*/. 
ntnl*  to  llr  I'l/rnmli  lljiilnrr  .''>/»//  in  in  Vitro,  by 
It.  A.  IVlrrx  mnl  II.  33".  33'nkWln,  .linn’  MM3. 

o.  Ib'lmrl  No.  80.  (  3  5701 ).  Skin  I'rnti  iintmr  ntnl  Mint- 
Ittnl  (in*,  by  A.  Ib-InfT.  It,  A.  I’rli-r*,  mnl  It.  33'nki'- 
lin.  Jnlv  1015. 

|».  IMM37  mnl  :iibk'inli>  l'.8!00  mnl  I'.SI.KI,  Inrrnti. 
•joh "in i  on  Ihi  Vitnanl  .\rhoii  of  M»*lnrtl  (in*,  by 
I.  Ib-ivtibliim,  .1  him’  Ml,  MM0. 

<|.  t  ‘.'M34.  Thi  Httpiralnin  of  Ifni  Skin  Aflrr  Domnin 
i rill  II,  by  It.  II.  S.  ThonttiMin,  .Inly  22.  1010. 

r.  I'  .22 1 10  .1  S  n  it.  mill  it  if  S  inn  Fitilmt*  if  M’lnp 
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mmt  of  Standard  t'V-i  Field  I mprrgnaliim  Syntrm,  hy 
Chemical  l>r)Mrtniml,  K.  I.  dll  Pont  dr  Nrimnim  nml 
Contixiny,  Mnrrh  23,  1044.  Div.  0-54 2-M2 

3,  OHItl)  3088.  Prrmrablr  Protrrtirr  Fabric  VIII — Snr- 
fry  of  Aquran*  Emut*ifying-I)i*prr*ing  A  grot*,  l»y  Chemi¬ 
cal  Drpnrtmrnt,  K.  I.  (hi  Pont  dr  Nemonm  nnd  Com- 
pnn.v,  AuRiirt  I,  1044.  Div  0341.1 1 1 -Ml 

II.  (Will)  3008.  Prrmrablr  Pratniirr  Fabric  X  —  Mrtbyl- 
rrlhihmr  a*  the  Kmul»ifying-Di*i>rr*ing  Agra!  far  Ibr  T  of  () 
Proce*  of  Impregnation,  by  ('Itrnilctd  |)r|mrlmrfil,  K.  I. 
du  Pont  dr  Xcnnnim  nnd  ('ompnny,  AiiriixI  0,  11144. 

Div.  0341.1 1 1-M2 

7.  (Will)  4(102.  Prrmmblr  Protrrtirr  Fabric  XI  —  Storage 
Tct*  on  thr  Firlil  Impregnating  Srt  ,M-I,  liy  Chrmiml 
Drpnrtmrnt,  K.  I.  (lit  Pont  dr  Xernnum  nml  Cnmpnny, 
AiiriwI  10,  1044.  Div.H-342.l-M! 

K.  (Will)  4427.  Prrmrablr  Pmhrtirr  Fabric  XIII  —  Dr- 
Orlopmrnl  of  Prrgnmnd,  Dry  C('-2,  hy  Chrmiml  Dr|mrt- 
mrnl,  K.  I.  du  Pmil  dr  Xentmim  nml  (’ompnny,  Drccm- 
I«rr4,  11144.  Div.  0-341. 1-M2 

0.  (Will)  45H3.  Prrmrablr  Protrrtirr  Fabric  XIV  —  Stabili- 
tatioa  of  CC-g  I mprrgnatrd  Fabric*  —  Srarrh  for  Agent* 
Altrrnatirr  to  Zinc  Oxhlr,  liv  (‘hi  miml  DrpnrtniPttl,  K.  I. 
(Ill  Pont  dr  XriniNim  nnd  (*or.i|Kiny,  Jnnimry  15,  1045. 

Div.  0341.1 13-Ml 

10.  OSKD  4502.  Prrmrablr  Prnhrtirr  Fabric  XVI  —  Dr- 

rrtapmrnt  of  Era!  nation  Tct*  —  Aging  Pmprrlic,  hy 
Chrmiml  Drpniimrnl,  K.  I.  du  Pon.  dr  XrmtHim  nml 
C'otnimny,  .Innunry  17,  1045.  Div.  D-54I.22-M7 

11.  (Will)  4500.  Prrmrablr  Protrrtirr  Fabric  XVII  -  Efrrt 

of  Fabric  on  Aging  Stability  -  QM  Srric,  hy  (  l.rndml 
Drimriinrni,  K.  I.  du  Pont  dr  Xrmmim  nml  (‘ompnny, 
•Innunry  18,  1045.  Div.  0-541. 112-Ml 

12.  (Will)  44MKA.  Prrmrablr  Pndirtire  Fabric  XVIII  — 

Effect  of  Fabric  on  Aging  Stability  of  Impregnate d  Fab¬ 
ric  —  Jml  QM  Srric  Hr/m  ,  by  Clirmirtd  IV|tniimrnl, 
K.  1.  du  Pont  dr  Xrnioum  mid  ('oni|Hiny,  .himmry  10, 
1045.  Div.  0341. 1I2-M2 

13.  I  Will)  4010.  Prrmrabb  Pmtril  ire  Fabric  XIX  -  Simpli - 
fiat  Firid  Impregnation  Syntrm*  CC-i,  Exi>loralory 
Stiidic,  hy  Oielniml  Department,  K.  I.  du  Pont  dr 
Xrmour<niid('oin|Kitiy,Jnimnry20, 1045.  Div.  0342-M3 

14.  DSHD  4I1IH.  Pern, cable  Prnhetie,  Fabric *  XX-  CC-i, 
Stability  Tct *  on  Clothing  m  Panama  Troop  Wearing 
Trial,  hy  Chrmiml  Dr|i:>rlmrnl  K.  I.  do  Pont  dr 
Xeinnum  nml  (*oni|Kiny,  .Innunry  2,  1015. 

Div.  034I.II3-M2 

15.  DSHD  4750.  Ptrnnabb  Prnlirtire  Fabric  XXVII  ~ 
Cnmuaftngr  Pigmentation,  hy  Chrnilrnl  l)i>|inrlmrnt, 
K.  I.  dll  Pont  dr  Xentoum  nml  ('oni|mny,  Mnrrh  I,  1045. 

I)iv.  0341.1 1 1-M3 

111.  (Will)  4010.  Pcrnnnblc  Preterite*  Fabric  XXXII  Sub- 
•tilulcfnr ChloropHioffin,  hv  ('lirmlmd  llrpnrttncnt,  K.  I. 
du  Poni  dr  Xrnmum  nnd  ('oin|mny,  A|iri|  7,  1045. 

Div.  0341.11 1-M4 


17.  (Will)  4022.  Prrmrablr  Pnitiriire  Fabric  XXX III  — 

Snbnt'tntr*  for  ChloroparajRn  II,  hy  Chrmiml  IV|»nrt- 
mmt,  K.  1.  du  Punt  dr  Xemoum  nml  Comimny,  April  10, 
1045.  Div.  0341.1  II-M4 

18.  (Will)  4030.  Prrmrablr  Protrrtirr  Fabric  XXXIV  — 
Slahilitrc  far  CC-2,  l»y  (‘liriniml  De|xirtinent,  K.  1. 
dn  Pont  dr  Xrmmim  nml  Cnni|Mtiy,  A|>ril  13, 1045. 

Div.  0341.1  IS-M3 

10.  (WKD  4041.  Prrmrablr  Protrrtirr  Fabric  XXXV  —  lie- 
impregnation  Stmlie,  h,v  (‘hrmiml  Deportment,  K.  I. 
du  Punt  dr  Xrmoiim  nml  ('uni|mn.v,  April  14, 1045. 

Div.  0-341.11 1-M0 

20.  (Will)  5072.  Prrmrablr  Protrrtirr  Fabric  XXXVII  — 
Hrimprrgnatian  Slmtic  II,  liy  ('hrmiml  Drpnrtmrnt, 
K.  I.  du  Pont  do  Xrmmim  nnd  Com|imiy,  Mny  18,  1043. 

Div.  0-341. Ill-Mil 

21.  (Will)  MM.  Prrmrablr  Protrrtirr  Fabric  XXXVI  — 
WanhfaMnn*  af  CC-i  Impregnate*!  from  Aqitrau*  Di*prr * 
*ioa»,  hy  ('hrmiml  Dr|mi1mrnt,  K.  I.  dn  Punt  dr 
Xrmoiim  nnd  ('nm|Mtiy,  Mpy  17,  1043. 

Div.  0-541.111  M7 

22.  (Will)  3421.  Prrmrablr  Protrrtirr  Fabric  XI.V  -  Stnbili • 

Mil m  ami  Kmlnnlion  of  S-.WI-imprrgnatrd  Fabric,  l»y 
Cltrmiml  Drpi  rimrnt,  K.  1.  du  Pmii  dr  Xrmutim  nnd 
(‘umiMiny,  Aii*unt  8,  1043.  Div.  0-34I.22-M8 

23.  (Wit!)  3427.  Prrmrablr  Protrrtirr  Fabric  XI,V I  — Snnrrg 

of  Aqurtin*  Kmnl»ijying-l)i*prniag  Ayrat*,  hy  Chemical 
IVtmrtmml,  K.  1.  du  Punt  do  Xr mourn  nnd  (’om|Mny, 
AuKimt  0, 1045.  Div.  0-541.1 1  l-MH 

24.  (Will)  5431.  Prrmrablt  Protrrtirr  Fabric  XIA’III  — 

CC-2,  S-iflt-Fabric  Stabilization  —  Effect  of  Prrtrratmrnt 
oa  Stability  af  Impregnated  Fabric,  liy  Chrmiml  Drpnrt¬ 
mrnt,  K.  I.  du  Pont  dr  Xrnioum  nnd  (‘ompnny,  Aiifdint 
10,  1045.  Div.  0-341.1 13-M4 

25.  (Will)  .53211.  Prrmrablr  Protrrtirr  Fabric  l.lll  — CC-i, 
S-ptl  -  Kmrrgrnry  Impregnation  Syntrm*  for  Tropical 
Short »  Duly,  hy  (‘lirniiml  Department,  K.  I.  (Ill  Punt  ilr 
Xrnioum  nml  Com|mny,  Hrplcmlirr  4,  1045. 

Div.  0342-M4 

2(1.  (Will)  5534.  Prrnooblr  Protrrtirr  Fabric  I.IV  -  Inidi- 
gntinn  of  Xnr  Chlomnmiilc,  hy  Clirmiml  Dr|mrtmrnt, 
K.  I.  du  Pont  dr  Xrnioum  nnd  (‘nm|miiy,  HrplrntlxT  5, 
1045.  Div.  0-541.22-M8 

27.  (Will)  5554.  Prrmrablr  Protrrtirr  Fabric  I.V  —  IntrMi- 

gallon  of  Xrir  Chlnraamiile,  hy  Clirmiml  Dr|mrtntrnt, 
I-!.  I.  dn  Poiil  ilr  Xrmoiim  nml  ( 'ompnny,  Hrplrnilu*  7, 
1045.  Div.  0-341.22-MH 

28.  (Will)  .5555.  Prrmrablr  Protrrtirr  Fabric  I.V  I  —  Emilia- 
lion  of  Xnr  Imprrgnite,  hy  Clirmiml  Drpnrtnirnt,  K.  I. 
du  Pont  ilr  Xrnioum  nnd  Coni|mny,  Srptcmlirr  II),  1045. 

Div.  0-541-MI 

20.  (Will)  IKK >8.  Prrmrablr  Protrrtirr  Fabric  I.VII I  —  Skin 
Irritation  —  /.'/.{.{  Eilgriroml  Arnrnnl  Wearing  Tct*,  hy 
Chrmiml  Drpnrtmrnt,  K.  I.  du  Pont  dc  Xrmoiim  nnd 

( 'oni|mii.v,  ( Holier  III,  1045  I  liv.  0-54 1 .13-M2 

30.  I  Will)  11080.  Permeable  Pmlrilin  Fob:,,*  I.IX  I'C.J 

Retention  of  Imprrgnotnl  Fabrir  During  Wiar,  hy  Clirliii- 
ml  Drpnriment,  K.  I.  du  l’oi,i  ilr  Xrnioum  nml  Com- 
pnny.  l  Holn-r  17. 1015.  I  liv.  034 1 . 1 13-MS 

31.  (Will)  HOMO.  Prrmtabh  Protrrtirr  Fabric  /,.Y  Stnbili- 
Minn  of  Fabrir  with  Calcium  Cnriuinnlt ,  hy  Chrniirn! 


Ik'pnriinciit,  K.  I  tin  Piint  «|p  Nomtmru  nml  Cnni|Mtiy, 
Optulier  IX,  IMv.  0-.V4I.II3-M0 

32.  (Will)  m»l.  Pn nimbi r  Prated  ire  Fabric  I.XI  —  Drrrt- 

apmrnt  of  llrlmrt  Impnipinting  Sri,  Iiy  Chmiicnl  Dcpnrl- 
roont,  K.  I.  tin  Pi mt  Xi-mmim  nml  <'om|mnv,  IWrm* 

Iw  II.  MM3.  IMv.  0-.V42.t-M2 

33.  OHIO)  OHM.  Prrmrahlr  Pratrrtirr  Fabric  I.XIV  —  IX-J 

llrtrnlinn  of  Impn’piatnl  Fnhrir  Outing  Iiy  Clteml- 

ml  Itpimrtnicnt,  K.  I.  tin  Punt  tie  Xrimmm  nml  <‘«m- 
puny,  Drwnilirr  12,  HM.V.  IMv.  D-V4I.II3-M7 

34.  OSHI)  01  H*i.  l,rrmrol)lr  l‘ ml  retire  Fabric  I.XY  —  Smmil 
Quartrrmaitrr  Srric,  Iiy  ('liemicnl  Dr|mrtniPiit,  I!.  I, 
till  Punt  (In  Wnxiur*  nml  Cnmimny,  Drrpnilirr  II,  I '.MO. 

IMv.  0-V4I.II3-M8 

3V.  (Will)  «I1W.  Permeable  Pratrritrr  Fabric  I.X  17  -Stnrogr 
of  Prrgnuiml,  Dry  (V.»  Iiy  ClipmiPnl  Dr|mr1mpnt,  K.  I. 
till  Punt  (le  Xemmirn  nml  (‘(itn|mny,  Diwmlier  II,  HM.V. 

IMv.  0-V41.I-M3 

30.  OHItl)  (II 117.  Permmhie  Prt*irfior  Fabric  I.X  V it  - 
Kffrri  of  Fabric  on  Aging  Quality  of  Slabilitnl  I  m  prrgnalnl 
Fabric,  Iiy  t  ‘liPhilral  IM’imMtm'nt,  K.  1.  (In  Punt  (Ip  Xp- 
nmurx  nml  Cuni|imiy,  Decpmlip'  17.  HM.V. 

IMv.  11341.1 12-MI 

37.  OHItl)  0108.  Permeable  Protect irr  Fabric  I.X  17//  — 
Derrlopmenl  of  l.ignt  Wriifit  F'rhl  Impregnating  Sc In,  Iiy 
Chpmiml  Dpimrtmcnt,  K.  I.  dn  Punt  dir>  Xrimmm  nml 
l'iini|mny,  Drrrmlirr  17,  HM.V  IMv.  1W.VI2.I-M3 

3H.  OSHI)  (Him.  Permeable  Prat, cl  ire  Fabric  I.X  IX  Firbl 

Impregnating  Sri,  M-l  Storage  Tel *  (Conrlmlnl),  Iiy 
Clionitnil  l)p|Mnnipnt,  K.  I.  dn  Punt  iIp  Xomotim  nml 
('nni|mny,  Drrrmlirr  17,  I1M.V  IMv.  0-.VI2.i-M4 

3*1.  OSItl)  0378.  Prrmrahlr  Pmhrlinr  Fabric  I.XX,  Iiy  flirnt- 
IpiiI  l)p|Nii’tinPnt.  K.  I.  (lit  Punt  dp  Xpmmim  nml  Ount- 
|mnv,  Drrrmlirr  20,  HM.V  IMv.  <t-.VMV.M2 

(’  SITED  STATUS  AH  MY  REPORTS 
H’«r  lh)Mtrtm<  nl  Maintain 

Kl.  TM3-270.  Clothing  Impm/nating  Plant  ,M-.  ( T  of  Ml, 
►Vlimnry  4,  IIM4. 

Cbrmirnl  Warfare  Serf  tie 

II.  HATH  100.  Prrmrahlr  Prntrrtirr  Clothing,  Ail*llst  20, 
1033. 

42.  MIKK.MMH  I0.V.  i  hr  Tnxir  FJfrtln  of  Acetylene  Trlra - 
rhloriilr  on  the  Operating  Prrmnnrl  of  thr  M-l  Impmptal- 
ing  Plant,  Angurl  0,  IOI3. 

43.  TDM  It  I  (MB.  The  Stability  anti  Irrilanry  of  Prrmrahlr 
Prntrrtirr  Clothing,  anti  the  Irrilanry  of  Dinlmrnl,  Pro- 
Irrtirr,  Mo,  in  Tmpiral  I Y taring  Trial*  {South tret  Parifir 
.Irm),  Orliilirr  III,  HM.V. 

Office  of  the  Qitmiermanler  Or  nr  ml 

44.  ,4»  Appraim I  of  Chemical  Warfare  Prrmrahlr  Pmlrrlire 
Clothing  with  Hitumnn mlatiini*,  Mrplrmlirr  20,  I1M3. 

V SITED  STATES  SAVY  HEPOHTS 
Saral  Rematch  Laboratory 

4V.  P-.(BV.  Ayunntn  Impregnating  S'pttrmn  of  Chlarinalril 
Para  fin  amt  Imprigmli  S-l  |.i,  May  12,  I1M3. 


III.  P-2207.  .4  Sillily  of  Chtiiriinitnl  Paraffin  an  the  Hunting 
Agent  for  Pratniirr  Clothing  / », pn gnntnl  Iiy  (/•<  Aipnmi* 
Proem,  Mny  27,  I1M4. 

47.  P-240H.  Hr  port  an  llWnttf  Trial a  of  Pratniicr  i'lothing  at 
Camp  Ixjrnnr,  AM'.,  Xtivrmlirr  13,  I1M4. 

Marine  Corft* 

4H.  Mnrlnp  Otirpn  Ki|itipmrnt  linnrd  Pmjrri  420,  Mu  rim* 
Itnrmpkn,  Qunntimi,  Vn.,  Impregnation  Set,  Light  Wright 
Simplifinl  Firltl,  .limp  |.V,  HM.V. 

v  STHA  LI  A  S  REPORTS 

40.  CD  (Auntnilln)  Hrpiirt  X».  18.  Thr  Tnririty  of  .4 1‘  /m- 
prrgnalnl  Clothing  —  Part  I,  Jntmnry  31,  HM4. 

VO.  CD  (Aunt  till  In)  XnlP  Nil.  10.  Thr  Car  nj  Cmlenlnthing 
Warn  trilh  A  I*  Impregnate  ttarmrnlo,  April  10.  IIM4. 

VI.  Cl)  (AmOmllii)  ltp|nirt  Xu.  32.  Thr  Toxicity  of  AY  I  in- 
prrgnalnl  Clothing  —  Pari  II,  A|*ril  3,  HM4. 

V2.  Cl)  ( Aimlmlln)  Hr|mrt  No.  30.  Wiariag  Trial  if  A  Y  Im - 
pngnntni  Cnttm,  Clothing,  Mn>  I,  IIM4. 


Chapter  27 

OSRl)  FORMAL  REIVRTS 

1.  OSItl)  4IM0.  The  Impregnation  if  Fabric  trilh  Arlimlrtl 
Cnrhna,  My  W.  J.  Tlinrknlun,  S.  X.  (ilnrnni.  nml  II.  O. 
Sicrir,  Htihm  nml  llnnn  Cnni|inny,  A|irlt  0.  I  IMV. 

IMv.  U-V4I.III-MV 

2.  OHItl)  ,V4I0.  Drrrlnpmrnt  of  Plant  Pmrrtinrr  for  Prepara¬ 
tion  of  Ca rhnn- 1 m prrgnalnl  Fabric,  Iiy  W,  P.  Hull, 
Jimppli  I  lit  non  dl  nml  Hum*  ('iini|mtiy,  Aiirh-I  7,  I1MV. 

IMv.  D-V4l.il- M3 

3.  OHItl)  VIKI4.  Drrrlnpmrnt  if  (too  Prater! irt  Rayon  Yarno 

amt  Fabric,  Iiy  J.  |„  Cimin  nml  It.  A.  Mump,  Mnnvl!k*- 
Jptirkw  Cnrtnirniidn  (Wnnnniirkpi  Knynn  Dlvmlmi), 
Mcpipinlier  20.  I  IMV.  I  Mv.  0-V4 1  I  l-M  I 

4.  MMHI)  0081,  Tin  XDRC  Mitliml  for  Inin, rating  RihIhii- 

tion  of  Prrmrahlr  Pratniirr  Fabric  again;'  M indnnl,  Iiy 
W.  I.  liiwn  tind  lloinpr  Adkinn,  t'nivpml.'.Mif  Winpnnnin, 
•VkiDt  17.  HM.V.  IMv.  0-V43.2-M2 

OSIII)  11102.  Prrmrahlr  Prntrrtirr  Fabric  I.XII  —  Carbon 
Impregnation*  from  Water  Snnprnninn,  Iiy  ClmmlPnl  IV- 
imiimpnl,  K.  I.  dn  Punt  iIp  Xptmnim  nml  Ciimtmiiy, 
Dcpcnilipr  12,  I  IMV.  IMv.  0-Vit.ll  I-Mll 

0  OHItl)  0103.  Prrmrahlr  Pniirrlirr  Fabric  I.XIII - 
Carbon  Impregnation o  from  llrganir  Snlrrnl  Siio/M-noimi, 
Iiy  Chpmirnl  IVpnrtnipnl,  K.  I.dn  IVmt  iIp  X'piminm  nml 
e«m|ttiny,  Dcpcmlicr  12,  HM.V.  IMv.  O-.V4I.II-M0 

7.  OSItl)  0272.  Prrimrnlinn  of  Carbon-Cnnlnl  Protertiri 
Fabric,  Iiy  Dnnn  Hurkn,  4r.  nml  II.  II.  (!il|p»pip,  Kcndnll 
Cnmimny,  mid  (!.  K.  Hinkinwm  mid  II.  I.  Huey,  Hnylrn 
Kiiih-tiiiiar  Plmiin,  liipnrinirnipil,  Fpltriinry  14,  1010. 

IMv.  0-Vlt.tl-M? 

8.  OSItl)  02H7.  Rayon  Containing  Artirnlnl  Carbon  for  Cur 
in  ProtiHin  Clothing,  l.v  S.  A.  Mum*.  .Ir.,  AniPfiPmi  Vi«- 
n«p Cuqmmtiini,  XdVcml'pr  111,  lOIV.  IMv.  0-.V4I.I  l-MV 

0.  OSItl)  0(12.  Correlation  of  Simulant  (’If’.v  Tint  Ihita  trilh 
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XDRC  Tilrimrtrr  l)ala,  liy  I,.  (*.  Hurd,  O.  R.  Ilitpr, 
K.  M.  Ymin*.  and  1  >.  H.  Itelaner,  lliihm  nml  llnw*  Com* 
|miiy,  Dncrmlier  21,  MM.*..  Dlv.  1W543.2-M3 

OSRD  IX FORMAL  REPORT 

HI.  Cnntmet  OKM*r-1l35,  Savin*  Klnhdtln*  enmpnny,  <5.  K. 
SiiiklWMin,  Informal  Hr/mrl  with  Hrintnl  In  Ktlinialid  Ciml 
if  Carbon-Coaled  Fahiir*,  Xnvcmlw  2.  MM4. 

iMv.tWMI.II.Ml 

MlS('ELLAXEors 

11.  Divminn  10  Summary  Treliniml  Itepnrt,  eimptrr  3. 
Thr  Mnnilfmilirr  of  Arliralnl  Charcoal,  W.  I..  MK'nlie. 

12.  <)KM*r-l327.  American  Vihcht  Corporation,  It.  Mouvrt, 

<‘orre*|>oiiilriiro,  AnctiHt  4.  I1M4.  IMv.  1W7I3-MI 

l  SITED  STATES  ARMY  REPORTS 
Chemical  Warfare  Service 

13.  MIT-Mlt  No.  71.  Fir h!  linpmjnnlian  nf  Collnn  (Sarmrnt* 
irilh  I 'hn mini  Finn,  Miiy  111,  MM4. 

14.  MIT-Mlt  No.  IH4.  Kuo ripnry  Field  Impregnation  nf 
(’lathing  trilh  (’harmal  Finn,  Seplemlirr  Ifl,  1013 

15.  TOIIl  IK3.  I’rrliminart ,  Krol  nation  nf  RrprriMrntnl  Car- 
Imn  Fabric*,  Hrptclnlicr  I,  Mill, 

III.  TCIIt  2-17.  Criliminory  Kml  nation  nf  Experimented  Car- 
hnn  Fabric*,  Carl  II,  Mirnnry  12,  MM3. 

17.  TDMIt  1130.  Thr  H-Vaimr  Cmtniinn  Afforded  by  One  ami 
Onr-llnlf  l.a;n,  Cmhrttn-  Outfit*  llom  by  thr  Same  Men  in 
Snrrr**irr  K.-ftotorr*,  (la*  (’hnmhrr  Tent*  —  Carl  I. 
Marrli  I,  MM3. 

I*.  TDMIt  1014.  .1  Sillily  nf  Ihr  F.ffrrt  nf  Mill  Cramming  nn 
thr  Slnbilily,  aftrr  Crain  lire  I  miirrynnlinn,  nf  Fnrlif-Tini 
llrrrinyhnnr  Tin'll  Fabric*,  Ramil  nn  Data  llhlninnl  by 
Four  Agenrir*,  Mny  14,  MM3. 

MISCELLAXEOCS 

M».  <JM  S|irrWlriiiein  IW20I,  .Immiiry  7,  10311,  nml  \tnrnd- 
ment  X».  I,  May  24,  MMO. 

20.  Teehnienl  Study  Nil.  03.  Inlh  Imprrgnnlnl  irilh  ('harmal 
Finrr,  May  13,  MM2. 

V SITED  STATES  XA IT  REPORTS 

Xaral  Rt  nmrrh  Laboratory 

21.  P-2322.  Thr  Itmlnalinn  nf  Arliralnl  Carbon  an  an  Anli- 
Vrnirant  Agrnl  in  Crnbrlin ■  Clothing,  July  3,  MII4. 

22.  P-2055.  Rmlnnlio n  nf  (’arbna-Haipin  I’mlniirr  Fahrin, 
Drremlwr  20,  MM3. 

23.  P-20N2.  fad  ll’«  aring  Trial  of  Cmlntin  Clothing  al  Camp 
hjrnnr,  Xnrlh  Cnmlinn,  Xovemlw  20,  MM3. 

24.  I’-270I.  Chamlnr  Train  irilh  Homan  Snbjrrl*  XIV  — 
TV*/*  nf  Xn r  Carbon  Clothing,  IVmiilipp  3,  MM3. 

25.  P-2702.  Chamlnr  Tr*l*  irilh  lloman  Siihjirl*  AT  —  Trnbt 
of  Worn  Carbon  Clothing,  .laimary  10,  I'.MO. 

20.  i'-27ll3.  Chaubrr  Train  trilh  Unman  Snhjrtli  XVI  — 
Tint*  of  Hi  yt  in  rail  it  anil  !h  roiitnminnlril  Cartnm  Clothing, 
t»  U'  i**m>d  tti  MMO. 


RRITtSU  REPORTS 

Chemical  Defence  Experimental  Station,  Parian 

27.  Port  on  lt«-{M>rt  Xu.  2334.  Thr  Cmtrrlirr  Valor  nf  (‘arhon- 
I mprrgnnlnl  Fabric n  again*!  II  Vainnir,  May  20,  MM2. 

2X.  Pnrton  Report  Nil.  2374.  Thr  Crohn  ion  of  Vulnerable 
Arran  if  Ihr  Hotly  again *1  II  Vainnir  in  lint  (‘Ho taint, 
May  22,  MM2. 

20.  l*lll.  24011  (IMIMI7I.  Corbnn-I  i,ipn  gnilhd  Clothing,  June  3, 
I1M4. 

Extramural  Rrmirch  \ 

30.  I'nlvrndty  CoUtur,  Southampton  (X.  K.  Ailant) 

n.  W.202.  Crnrtratinn  of  1*11’  Agrnl*,  Ity  X.  K.  Adam, 
A.  Irftwmin,  nml  K.  II.  Wtddt,  April  7,  MM2. 

31.  tiit|*-riitl  i*i>lt«ic<*,  Immlmi  (J.  II.  Dr  liner) 

n.  W.I0320A.  Srlrrlicr  Ailmtr)ilion  if  MoMnnl  (tan  from 
Different  Solvrnl*  on  Sulidiidr*  a  ml  Other  Com imnnil*, 
Ity  J.  II.  De  liner  ami  K.  I>.  (1.  Kralim,  (received 
Ity  XDIU’,  Mnrrli  23,  MM3). 

MISCELLANEOt  '.S 

32.  V.3H07.  Sixth  Interim  Hrporl  on  Chnrmal  Impregnated 
Cloth*,  Wnnl  ImlititrieH  lttacnreli  A**«, elation,  April,  MM1. 

33.  W.533S  Ad  liar  MrHing’lo  lliurn **  Ihr  Cmgrr**  if  Hr- 
•earrh  no  Ihr  I'arbon  Impregnation  if  Clothing,  Relit  at 
Catlim  on  ,\lag  HI,  tuff,  June  27,  MM2. 

OPEX  LITERATI' RE 

Improved  Inntrnmcnt  far  Mnvmring  thr  Air 
Permeability  of  Eabrirn 

34.  Srliiefi  • ,  II.  K.  nml  P.  M.  Moylnnd,  Journal  if  Rnrarek 
nf  Xalianal  Hurran  if  Standard*,  M,  037  ( MM2). 

I!  ISC  ELL  A  XEOI  ’S 

33.  rnpllliiinlird  work  carried  nut  imilrr  iIm>  *nipi*rvlx|i Ht  nf 
Mr.  Henry  II.  etiililK  nf  die  Ten  neuter  Knaimnn  Cor* 
pornlioii,  Arelnte-ltnynn  Divhdoii,  Kilncxpnrt,  Tetmewee 
(MM3). 

30.  riiimldkiheil  work  cnrrieil  mil  umler  llir  ntiprrvMnn  nf 
Dr.  K.  W.  Itnueley  nf  llie  Cnrldile  nml  enrlNMi  ( ‘In-mien V; 
('nrt»imtinti,  Iteaenreh  nml  Development  Depnrlment, 
Siaith  ( 'luiriexton,  Weal  Virxinin  (MM3). 


Chapter  28 

DSHD  FORMAL  REPORTS 

1.  DSHD  4HH0.  A  Slmly  of  Ihr  lleronlaminalion  of  Surface* 
Whirh  llarr  Bern  Exprmnl  In  Chemical  Warfare  Agent*  — 
Sprriat  Slmly  of  Ihr  Dtronlaminalinn  Hid  Hrijrnrralina  of 
Carbon  Fabric*,  liy  J.  K.  Kirliy,  II.  S.  Itntlimek,  (*.  T. 
Untidy,  and  II.  X.  MneDotiald,  (’liemirnl  De|iartnieiit, 
K.  I.  du  I’nnt  de  Xeinmin*  and  C<ini|Minv,  April  2,  MM3. 

Div.  <.W34I.II2-M3 

2.  OSHD  3502.  Slmlir *  of  Carbnn-Cnaird  and  Cnrlnm-lmprrg- 
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natnl  Fabric*  -  l/iiimlrring  Pmeerhor*  —  Wearing  Trial*, 

liy  M.  N.  (ilnnim  mid  II.  O.  Hindi*,  Riihni  k  limn*  Corn* 

I  m  i  iv,  AurumI  an,  I  IMS.  Dir.  1KWI.I  I2-M3 

3.  OHIll)  0272.  Preparation  of  Carban-Caatnl  Protectin' 
Fabrir*,  liy  Dunn  Hurk",  Jr.  ami  II.  II.  GlUrnpio,  Kendall 
Cumimny,  mid  O.  K.  Hinkfnwm  nnd  II.  I.  Ilney,  Huyler 
Flnl-lilii*  PIiiiiim,  Ini*.,  fVlirunrv  14,  HIM. 

IHv.  IMIt.l  I-M7 

r Stmt)  STATE 'S  ARMY  REPORTS 
Chemical  Warfare  Service 

4.  MJT-MII  Xu.  84.  St  inertia  moo*  Tr*t»  of  Carbon  Cloth, 
.li  ne  23,  MM  I. 

H.  TDM It  1012.  Tbr  H- Vapor  Protection  Afiarrtnt  by  Vari¬ 
ant  Prop  rim  t  tut  fit*  IVorn  by  the  Same  Men  in  Surmxirc 
Rrpmmrr*,  .itinc  27,  I  IMA. 

I' SITED  STATES  SAVY  REPORTS 

Sami  Rem-arch  •'  rboratory 

fi.  P-2230.  Chamber  7W*  trilh  Homo..  Subject*  IV  —  Tent* 
nf  Carbon  Clothing  again*!  H  Vapor,  Pelinuiry  2A,  l!M4. 

7.  P-2322.  The  Real  nation  nf  ActimtrH  Carbon  a*  an  Anti - 
Vniranl  Agent  in  Protretire  Clothing,  July  3,  1044. 

8.  P-2.170.  The  Penintrnrr  nf  II  anil  IIS  on  Carbon  Clothing, 
July  12,  I  IMA. 

0.  P-20O4.  Chamber  Tc*t*  trilh  Human  Subject*  XIII  — 
Sprf’al  Tent*  of  CC-J  ami  Carbon  Protretire  Clothing, 
Ampul  18,  MMA. 

10.  P-20AA.  Rial uat>on  of  t'arbon-Raipm  Protretire  Fabrir*, 
Dwmtior  20,  IIMA. 

11.  P-2082.  Srroml  H 'raring  Trial *  of  Protretire  Clothing  at 
Camp  hrjennr,  North  Carolina,  Nnvrmlirr  20,  I  IMA. 

12.  P-2701.  Chamber  Tret*  trilh  Human  Subject*  XIV  — 
Tret*  nf  Xrtr  Carbon  Clothing,  tu  I**  iuMtinl  in  1040. 

13.  P-2702.  Chambrr  Tr*t*  trilh  Unman  Subjtrl*  AT  —  Tent* 
of  Worn  Carbon  Clothing .  In  Ik*  iwtml  ill  l‘*4fi 

14.  P-2703.  Chamber  Tret*  trith  Human  Subject*  XVI  — 
Tret*  of  Hrgrnrratrrt  anil  Ihrcnntaminalnt  Carbon  Clothing, 
In  In*  iwuml  In  I1MO. 

BRITISH  REPORTS 
Chrmiml  Defence  Experimental  Station,  Parian 

15.  Polinn  Rc|mrt  No.  22IM.  IMrrtnr  Paprr*  far  I  reirante » 
Hnptrmlier  10,  I1MI. 

10.  I’orlo'i  lti'|Mirl  No.  2354.  The  Pratretirr  Value  nf  Carbon- 
liuprrgualiil  Fabric*  again*!  H  Vaintur,  Mny  20,  I1M2. 

17.  Portoli  ltr|xi.-|  No.  231X1.  The  Protretire  Value  nf  Carbon- 
Inipngnati'l  Fabric*  niinui*t  H  Vapour,  AiikiikI  5,  IIM2. 


Chapter  29 

OS  III)  FORMAL  REPORTS 

I.  OSIM)  0084.  The  XlhHC  Mrthml  for  fxlbnrafnry  Real  ti¬ 
nt  mu  of  Permeable  Prutirtier  Fabriri  again*!  Muelanl,  liy 
Willii  I.  Giimm  mid  limner  AdkiiiH,  I'tiivrndty  of  VVtMcon- 
Min,  ONoInt  17,  IIMA.  Div.  1I-543.2-M2 


2.  OHIID  0272.  Prr)taratian  nf  Cartmnu-imtul  Prutuliee 
Fabrir*,  liy  Omni  I  lurk",  Jr.  mid  II.  II.  Gille-pit*,  Tin* 
Kendall  Company,  nnd  (I.  K  HlnklnMon  nml  II.  I.  Huey, 
Hnylenville  Kini"hiitR  Ptnnt",  Inc.,  Novcmlicr  1,  1043. 

Div.1K54l.H-M7 

3.  OHIll)  0347.  Trrt  Mrthml *  t'*nl  fur  the  Kmlualinu  of  Pro • 

Irrtire  Fabric*  again *1  Vr*imnl  <!a*r*  at  the  ftuhin  nml 
Una *  haborntorir*,  liy  |„  (’.  Muni,  O.  II.  IlnRcr,  !•).  M. 
Yihiiik,  nml  II.  W.  Ilnmii,  llohm  mid  Him"  Cnnipmiy, 
Jmnmry  4,  IIM0.  |)lv.  0-543.2-M4 

I  SITED  STATES  ARMY  REPORTS 
Chemical  Warfare  Service 

4.  PCS  Report  No.  0.  Rcmtmf  nf  Itrrrnl  Knmrlrtlgr  on  the 
Technical  At/terl*  of  Chemical  Warfare  in  the  Firhl, 
Mny  17,  101ft. 

A,  CWH  Directive  No.  102.  Muhtant  Vapor  ';r*i*tmrr  Tent 
on  Permeable  Material*,  July  1 1,  1042. 

UNITED  STATES  NAVY  REPORTS 
Naval  Rem-arch  laboratory 

ft.  P-1831.  Mrthml  of  Dtirrrmination  nf  the  Prnrlralinn  nf  IIS 
Vapor  through  Protective  Clothing,  Jmmnry  0,  MM2. 

7.  P-2720.  Chemical  Rrohmlinn  of  Ihr  leakage  nf  II  Vapor 
through  Pmtrrtirr  Clothing,  1040. 

BRITISH  R SHIRTS 

Chrmiml  Drfenre  Experimental  Station,  Parian 

8.  Potion  Kr|mrt  No.  2204.  Drtrrtor  Paprr*  for  Vrmeant*, 
Hep  **ndii*r  10,  1041, 

0.  Pinion  Report  No.  221M  (Adilcndiini).  V*r  of  No.  »  Hr- 
trrtnr  Paprr  (S.D.)  in  Detection  of  II  in  Sail*,  Jmilliiry  28, 
1042. 


Chapter  30 

OSRD  FORMAL  REPORTS 

1.  OSRD  4018.  Permeable  Pratretirr  Fabrir*  XX  —  CC-2  — 
Stability  Tr*t*  on  Clothing  in  Panama  Troop  Wraring 
Trial,  liy  ('liciniml  IV;mrlim*ut,  K.  I.  du  Pont  ill*  Nr- 
iimiir"  mid  ('oni|imiy,  Jmiunry  22,  IIMA. 

Dlv.  IKVii.U3-.M2 

2.  OSHI)  44424.  Permeable  Pratretirr  Fabrir*  XX I  -  Skin 
Irritation,  l»y  Chemind  Dr|Kirinieiil,  K.  I.  du  Pout  ill* 
Ncniour"  mid  Conipmiy,  Jiinunry  23,  IIMA. 

Div.  IKVII. 13-MI 

3.  OHIll)  0008.  Permeable  Pmtrrtirr  Fabrir*  LVIII  —  Skill 
•  Irritation  —  Ht',j  Rihpimml  Aru-nat  Wrariny  Ti*l*,  liy 

I  'licmlrul  Department,  K.  I.  du  I ‘mil  di*  Nemoon  mid 
4'ompmiy,  Ortulirr  10,  IIMA.  Div.  IKVII. I3-M2 

4.  OHRD  OOM.  The  SDHC  Melt, ml  for  laboratory  Rrah'O- 

tion  nf  Prrminblr  Png,, her  Fabric*  again *1  Mimtanl,  liy 
IV.  I.  < •lew  mid  lfoiiii*r  Adkiii",  I  iiKrixily  of  WiMniiiMiu, 
OcioImt  17,  IIMA.  Div.  IKVI3.2-.M2 
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5.  OHIO)  (1102.  Frrmtahh  Fndrdiir  Fnhrir*  LX  II  —  ('orbetn 
Impregnation*  f mm  Water  Sn*prn*ion,  hy  <  ‘linniml  IV- 
pnmiH-nf,  K.  I.  ilu  hint  dr  Xrmonm  nml  (’nmpnny, 
IVcendnf  12,  I  IMA.  Div.  0-341. 1  I  t-MO 

(I.  OSItl)  MM.  Frrmmhlr  F ndrd  ire  Fabric*  LX  IV  —  CC-i 
Bdrnlian  of  Impregnated  Fabric  Hurt  a#  HW,  liy  ('hcntl- 
ml  lV|varimniii,  K.  I.ihi  Pont  tit*  Xrmoiini  hihI  ( 'nminmy, 
IVwnilmr  12,  IMS.  iMv,  0-S4I.II3-M7 

7.  OHItl)  OIOS.  Frrmmhlr  Frntretirr  Fabric*  LX  I*  —  Sr, emit 
Qnnrh rmadrr  S> rir»,  l»y  ("hrmiriil  I  Vpnrl nw’tj! ,  K.  I.  dn 
|*«nt  i|«*  NVmiHtn*  hihI  ('itnijwnv,  IVrmilirr  It,  IMS. 

Div.  D-54I.II3-MR 

8.  OHItl)  M07.  Fermeeddr  Fratrdirr  Fabric »  LX  VI I  — 
tiffed  of  Fabric  on  A  via#  Quality  of  Slahilitnl  Imprrg- 
mini  Fabric*,  !»y  ( 'In-mien!  Dr|mr(mcnl,  K.  I.  <l«  P<mt  «li» 
NVnmiirw  nml  (Vmimtiv,  IVrrnilwr  17,  IMS. 

Div.  0-341.1 12-MI 

l).  DSHD  (1272.  Frrpacatinn  of  Carhnn-t'naM  Fratrdirr 
Fabric *,  |ty  Dnnn  Hnrkn,  Jr.  nml  It.  II.  (illlrxidi*,  Thr 
Krinlnl!  ('iwntinny,  nml  0.  K.  Hitiklnnnn  nml  II.  I.  tlnry, 
Hnylr*  (**inl»hine  I’lnH*,  !»»«*!,  Fehnmry  14,  IMO. 

Div.  lfc.Vtl.H-M7 

10.  OHIO)  (1287.  Rayon  Containing  Adimbet  Carbon  for  Cur 
in  Fret  retire  Clothing,  by  8.  A.  Mow*,  Jr.,  Amrrimn  W  • 
cure  ('iirjKimlHin,  Nnvrmlirr  lit,  IMS. 

Div.  K-MI.II-MS 

’ ,  OHItl)  (DON.  Determination  of  in)  the  Irritancy  of  Fret- 
Mire  Ointment*,  (fc)  Mr  Veniranl  Fnifirdir *  of  Contnmi- 
natnl  Carbon  Fratrdirr  Fabrii*,  amt  (r)  Mr  Stability  of 
Cf'.r  Imnrryoalnl  Herringbone  Tnrill  Falchr*  omter  Con¬ 
dition*  of  Srmi-tmpiml  ll'mr,  by  II.  ().  Cnlvery,  (*.  I). 
Johnnton,  W.  Hhrnvnoii  Ijiwrrnrr,  nml  K.  J.  t'mix'np*v, 
Frileml  Srmrily  Aernrv,  Mnrrli  8,  IMA. 

Div.  0-S00-M3 

OSRD  INFORMAL  REPORTS 

12.  (‘<niimri  XlX'iMIB,  Fiilmnity  <»f  Chime”  ToxVlty 
Inilnimtory,  I.*.  >1.  K.  ( inline,  Infnrmnl  Monthly  Pmv 
tin**  lti*|mrl,  Fehrtmry  28,  IIM.V  Div.  IM2A-M2 

IS.  Cnntwrl  Ol*;Mi*r-770,  (I«*  Kenihill  Contjmtiy,  Dnnn 
Ibirkn,  Jr.,  Infnrmnl  Monthly  I'merc**  ltr|>urtr  Jnmmry 

-  II,  IMS.  Div  (»-A4t.ll-M2 

V SITED  STATES  AtSlY  REINIRTS 
Chrmiml  Warfare  Srrrirr 

14.  KIPIt  20.  Drooping  Trial  iriM  Min  Homb*  Cbnrgtd  Mo*- 
tan t  (la*  on  J  ingle  Tirroin,  Octoiirr  IS,  IM4. 

15.  SJPII3I.  .1«k  iimrnl  of  the  J  .J  Inch  M.L.  Mortar  Bomb, 
Channel  IIT,  tinier  Jangle  Condition*,  Mnv  14.  IMS. 

Ill,  HJIMt  114,  Ae*e**menl  of  Multiple  Cinder  Bombing  irilb 
K-h'lt I  ( 'lo*tei e  of  Cnoailian  L.C.  ■'!)  Foniol  .1  C  Bomb*, 
Chanjnt  Licit, dr  m  II,  Aticnxt  Si,  IMS. 

17.  HJIMt  SO.  A*H**aanl  oj  MuHipb  Cinder  Bombing  with 
K‘i  Bit  I  it  eh  r *  of  l  'a  mitt  nth  oil Found  l,.C.  Bomb*  Cbargnl 
IIT,  .him*  12,  IMS. 

18.  HUM  I  7S.  M  oil  i fib  Hnhihnif) .  I*ii  mill  ill  of  Britinb  Bomb*, 
Aircraft,  L.C,  tUm  Foonil,  Mark  II,  Filled  trilk  Tot 
( It  Bit  i  Bill  Foti*  ami  Channel  IIT,  When  Dron/ierl  from 
llii/li  Altitaih*  onto  Jnngli  Tirreii*,,  bilv  28,  I1MS. 


10.  HUM!  80.  II  Spray  Fern  trot  ion  of  J  ninth  Canopy,  Mny  SO, 
IMS. 

20.  8.11*11  82.  The  KffrdierHc**  of  Standard  Anli-gn*  Training 
a*  Applied  to  Jangle  Warfare,  and  the  Kffid*  Frmlnrrtl  on 
Troop*  by  Wearing  Impregnate d  Clothing  and  fin*  Mn*k* 
in  thr  Jnnytr  ( Krrrcim-  Sanity),  8e|Mrlttlier  I,  IMS. 

21.  TDM II  (MO.  Xilmgen  M Mutant*,  Cam/nirnlii'r  Vitiiiwl 
Ad  inn  ami  Cloth  Frndration,  Mny  28,  IMS. 

22.  TDM  It  770.  Field  Te*t  to  Ihiermior  the  Toll  mine  of  Mrn 
in  Trm'ierntr  Summer  Climate  In  Walrrde:<*in-n*ion-l  m- 
prrgnai,  :  Clothing,  Mnrrli  I,  IM4. 

21.  TDMIt  H4S.  \'r*irant  Fndrdinn  AffonM  hy  Frrmmblt 
Fndrdiir  Clothing,  Lilerolnrr  Sumy  of  Information  Araik 
able  to  I  March,  ID.ff,  Align*!  21,  1044. 

24.  TDMIt  MS.  Tropical  Junior  HYm-ini)  Tent*  of  Sir  Typi .1 
of  Fatigue  (lament*  Impregnate,!  by  Mean*  if  the  Sri, 
Field,  Impregnated  M-l,  Jmmnry  IS,  IMS. 

25.  TDMII  030.  The  ll-Yaimc  Fnitrdion  AffonM  by  Onr  ami 
(tne-Hatf  Layer  Fmlrrtirr  Outfit *  Horn  by  Mr  Same  Mrn 
in  Socmmirr  Hf/nmicr*,  I la *  ('hamlnr  Ted* — Fad  I, 
Mnrrli  I,  IMS. 

2(1.  TDMIt  070.  Inrrdigalinn  of  thr  Fhy*iolugiral  Kffcd*,  Fro- 
trdirr  Life  Span,  and  Frotntion  Afforded  by  Fmtcd ite 
Clothing  at  Edge  mood  Artrnal,  Frhnmry  8,  IMS. 

27.  TDMIt  1012.  The  ll-Yoior  Fndrdinn  AffonM  by  \‘ari • 
an*  F reded  ire  OntJIt*  IFnrn  by  thr  Same  Mrn  in  Smenmirr 
EriMtmr*,  Jiiih*  27,  IMS. 

28.  TDMIt  1042.  Fndrdinn  Afforded  by  One  and  One-Half 
I* tyre  Fredrdier  Outfit*  aiptind  Soemmirr  Erpo*urc*  to 
II  Vapor,  (la*  Cbambrr  Trd *  —  Fad  I’,  Mny  22,  IMS. 

20.  TDMIt  10(12.  Hr in*n re*  of  Crrmrahte  F rated itr  Fabric* 
on  Men*  Arm*  to  H  Vapor.  Frrliminary  (la*  Chamber 
Trd*,  AiiiciixI  21,  IMS. 

SO.  TDMIt  1003.  Foam  Impregnation  of  Clothing  by  thr  ll'nfrr 
So*pen*ion  Freer**,  July  22,  IMS. 

31.  TDMII  1005.  The  Stability  and  Irritancy  if  Frrmmhlr 
Frnti  dire  Clothing,  anil  thr  Irritancy  if  Ointment,  Fra- 
belirt  ,\H,  in  Tmpirat  Wearing  Trial*  (Southard  Fanfir 
Area),  Orlolmr  III,  IMS. 

32.  TIU.lt  32.  .4i»  Kralnnlian  a]  the  Fbyeeedngu-ol  Kffid*  of 
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Dirhnnaali,  liv  J.  P.  MeltcvtioliU,  Ohio  Staff  Cniver- 
»i.y,  Jtil,*  S.  I  (M3.  Ihr.  9-422.K-XI  HI 

21.  (Will)  17.12.  Enid  till,  Sr  riming  for  Ihr  Ihlrrliar  if 
t’himiral  I Yarfarr  Aipnlt  in  tYahr,  by  A,  XI,  Ihiiftftl, 
Ctiivcmity  «,f  lllmoix,  Aiikini  30,  1913.  Div.  (MI2-XI4 

22.  081(0  IS(I0.  Thi  lihnlifirntion  of  Sam/Urt  of  Agrnttt'nl- 
tnird  on  Plain  .Sihm  fir/,  by  II.  8.  IJvincwfiat,  W.  *}. 

Itfonn,  mnl  W.  (*.  JohiiMtti,  (nivenitv  of  ( "liimpi, 

Ort.J«T  II,  I  (M3.  Div.  (M2I.2-XD 


0811 1)  311 1.  Oryanir  lit  ayi  nit  for  !.  anil  EI),  by  John  1 1. 

^  o''  Ktsl  K.  ('.  ( 'oyliill,  i'nivcmitv  of  Yir/tini.i,  J.itin- 
ary  13,  1044.  Div.  9-422.24-XI2 

08111  >  3070.  Thr  f  'tr  of  Thinmrbatonrt  an  Arnrniral  Dr • 
hrlort,  by  I).  8.  Tarltfll,  C.  W.  Ttsltl,  XI.  C.  PittiUn, 

K.  (1.  IJndtuntm,  anti  V.  P.  Wyaimrb,  1'nivfraiiv  of 
Ihtfhmtcr,  Xla.v  24,  1944.  Div.  (M22.2I-XI4 

08ltl)  4108.  Srntilin'ljf  of  DBot  Tnhr  of  .!/•»  Kit  to 
Mutlnnl  nl  Yarinut  (iinrrnlmliont  in  Air,  by  K.  ||. 
XlncDtattrall,  I).  J.  Iftiinirkr,  W.  F,  Jolutaotl,  Maricuet 
8fi*.  and  T.  C.  Shield*,  Cniventllv  of  XllniHKota,  St-je 
tftnlifr  7,  1IM4.  |8v.  9-422.1 14-XI2 

20.  08111)  4333.  Srntilirily  if  Artrairal  Drlrrlnr  Tnhr t  of 
Mdt  Kil*  la  /.,  PI)  and  ED,  by  k\  II.  MarDtatmll,  I).  J. 
larhmWtf,  W.  F.  Jotumm,  Muryntfl  8pi*,  ami  T.  45. 
8hirkli‘,  I'nivfTKiiy  of  Minttrwtla.  Xovrmlifr  0,  I1M4. 

I8v.  (M22.23-M3 

27.  08HI)  4411.  Additional  Ohorrmlioa t  on  Ihr  Synlhrtit  of 
Thiorarhotonrt,  Rtprrially  DPT,  by  1).  8.  TarliHI  and 
K.  (}.  !.imk<ln>ni,  I'nivcrxily  of  l(iu*hr»tfr,  Xov.-mltfr  30, 

l8v.IMII.4-M3 

28.  08111)  4412.  f  'ntymmrtrlral  Diarlrlhylrnrt  an  Drhrlort, 
by^D.  8.  Tit  Ha'll  and  K.  G.  I.imlatrom,  I’nlvroll.v  of 
Itofimtlor,  Xovfmlirr  30,  1044.  IRv.  (Ml  I.+-M4 

20.  OKItl)  4413.  Thiolertonrt  at  Dtirrlon  for  f.'ll”  Agrnlt, 
l*y  l*.  8.  Tnrlifi)  ami  V.  P.  ’.Vyatr.fli,  I'nivoMl."  of 
Hoc HfalPf.  XovfmltfT  30,  IIM4.  Div.  1M I  I.4-M3 

30.  08111)  4020.  A  Sgtlrmalir  Srhrmr  for  Ihr  DHrrlinn  of 

Toxin  on  Plain  Silin,  Tnhrt,  try  I).  8.  Tarlfll,  II.  II. 
Carlin,  V.  P.  Wyalrarh,  K.  Klirttp-la-nt,  II.  G.  Ibmnfll, 
and  K.  G.  IJiMbtrirtti,  I'ltivrr-Hv  of  lloflifftrr,  Janu¬ 
ary  24,  •  9*5,  IRv.  (W2I.2-XI2 

31.  081(1)  4077.  Thr  Rmrliim  brhcrm  DRT  and  Artrnirnlt, 

by  I).  8.  Tarltfll  nntl  A.  K,  lltinnoil,  I’niVfntlly  of 
Ibiphrwlfr,  January  31,  I1M3.  Div.  (M22.2I-XIH 

32.  081*1.  4H43.  Thr  Drlrrlion  of  Oryanir  Eluorinr  To.  bt.  * 
Thr  fw  of  Thinmrbatonrt  at  Arnrniral  Drlrrlart,  by 
X.  I..  Drakf,  I'nivfinily  of  XlniylalMl,  A|»ril  19,  MM3. 

IRv.  IM22.N-XII4 

33.  OSItl)  5270.  A  Sgtlrm  for  thr  Idrnhjimlion  of  Eunrlinnal 

f iron /it  Prrtrnl  in  ('hrnttrnl  Wurfan  Aipnlt,  Ity  ('.  W. 
Gtmhl,  Jr.,  G.  IlnUitutti,  J.  XV.  8tw<f,  !•;,  II,  Swift,  and 
Carl  Xifmaiin,  California  litxtitiitr  of  Tfrlinttloxy, 
Jwtf  20, 1  IMS.  IRv.  (M2P-M1 

OSH!)  IS  FORMAL  UEDOHTfi 

34.  Contmrt  OF!XI*r-79,  I'nivmtilv  ttf  Cliimpi,  Wfhloii 
G.  Ilnm-n. 

a.  XllltC  U-3-11  Inf.  lirpt.  No.  591.  Thr  Drtrrtum  of 
Win  and  II. hi,  April  13,  IIM2.  IRv.  IM2J.I2I-.MI 
It.  N  DIIC  9-3-1  Inf.  Ilfpl,  Xf.  III.  Poloriniilrir  Etli~ 
malum  of  1 1  pi  Ya/mr  in  Air  I'tiny  DH-.I  Silim 
firl,  .March  18,  1943.  Div.  9-422. 12I-AIS 

f.  XDIIC  0-3-1  Inf,  Ill'll*.  Xo.  80.  Tilrainrlhglili * 
aminiXhinbrnto/donimr  Vidor  Trttt  trtlh  C|C  AfPhlt, 
Jnl.v  13,  I1M3.  Div.  (Ml  I.4-.M2 

tl.  XDIIC  0-3  Inf.  Kept.  Xo.  95.  Pn/nr  Ta/n  Rrrord - 
iag  of  riC  Agrnlt,  March  30,  l(M4. 

Div,  IMI3.2-XI2 

f.  Inf.  Month  Pro*.  Kept.  July  13,  l!M2. 

Div.  9- 122.8- XI5 
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f.  Inf.  Month.  Pro*.  Ilrpt.  Krlimary  10,  1015. 

IHv.  IMII.I-MH 

*.  Inf.  Month.  Pro*.  Rrpt.  Mnrrh  10,  MM3. 

Div.  0-7I2.I3-M3 

h.  Inf.  Month.  Pro*.  Hrpt.  Mny  10,  MM5. 

Div.  0-7I2.I3-M3 

35.  Contmrt  OKMxr-87,  t'nivrrxity  of  Chirn*n.  Wnrmn  C. 

Johnson. 

n.  Tn-h.  Hrpt.  No.  2.  A  Preliminary  Study  of  Dr- 
trrtnr  Point*  and  Pnuitrr*,  Mnrrh  14,  ItMI. 

Div.0-4II.1-Ml 

I).  Tirli.  Ilrpt,  X o.  5.  Thr  I  or  of  Dithiatnnr  m  a  Dr¬ 
trrtnr  for  M-l  omt  PD  in  thr  Vapor  Stair,  Mnrrh  2X, 
ItMI.  Div.tM22.2l-MI 

r.  Trrh.  Hrpt.  No.  20.  Drtrrtnr  Pointer  No.  I  ( Brown ), 
Hrplmtltrr  24,  HMI.  Div.  0-41 1.1-M2 

ii.  XDHC  li-3-11  Inf.  Itrpl.  No.  50.  Nntr  no  thr  Or- 
trrtinn  of  DimHhiitflnnphn*id>atr,  Nnvmtlw  13, 
KM2.  Div.  1W22.3I-MI 

e.  XDIIC  11-3-H  Inf.  Ilrpt.  No.  51.  Hrmmmrndalion * 

for  thr  Drtrrtnr  Tube*  to  bt  t  *rri  in  thr  Fir  Id  Kit, 

Xovrmlrr  17,  HM2.  •  Div.  0-4I2.I-MI 

f.  XDIU*  lt-3-M  Inf.  Ilrpt.  No.  Ala.  Amendment. * 

amt  Addition*  In  Hrmmmmdatinn*  for  thr  Drtrrtnr 
Tnhrm  to  hr  I'mtl  in  thr  Field  Kit,  Novrtnlirf  30, 
If  M2.  Div.  0-4  12.1-MI 

*.  XDIIC  H-3-H  Inf.  Ilrpt.  Xo. 52.  Natrona  Pnorihtr 
Initiratnr  Paper  for  lt.1t),  Xovrmlirr  17,  I1M2. 

Div.  0-422.I2I-M4 

h.  XDIIC  H-3-H  Inf.  Ilrpt.  Xo.  53.  A  Catnlytni  h no- 

Trmprmturr  Drrrtnpmrnt  of  thr  DB-.1  Tr*l,  Xo- 
vrmlirr  25,  MM2.  IHv.  !MI I.2-M3 

i.  XDHC  0-3-1  Inf.  Ilrpt.  Xo.  57.  Thr  Vapor  Dr- 
trrtnr  Kit,  January  20,  IOI3.  Div.  0-412-Ml 

j.  XDHC  0-3-1  Inf.  Ilrpt.  Xo.  07.  TV  F.ffrrt  nf 
Trmprralnrr  ami  Humidity  on  thr  Srnm.'rilir*  of 
thr  Surra!  Tubteofthr  Vapor  Drtrrtnr  Kit,  K.}-Klt), 

April  I.  HM3.  IHv.  1MI2.i-.M2 

k.  XDIIC  0-3-1  Inf.  Ilrpt.  Xo.  IW.  Thr  DButBragnit 
in  Tahiti  Form  for  Water  Trntimj,  Ajiril  0,  1013. 

IHv.  1MII.2-M4 

l.  XDHC  03-1  ,;,f.  Ilrpt.  Xo.  71.  A  Criliml  Cam¬ 

pari  mm  nf  Stir  rat  Dt  trrtnr*  for  thr  Sit  mgr  n  M  un¬ 
ion!*,  April  27.  If  M3.  I  Hv.  0-422. 12-MI 

m  XDHC  03-1  Inf.  Ilrpt.  Xo.  73.  Vapor  Drlrrtinn 
anti  IdrnliJImtion  Equipment  Dniynrtl  for  I 'nr  by 
thr  DTD,  Mny  7,  MM3.  IHv.  0-412-M2 

n.  XDIIC  03-1  Inf.  Ilrpt.  Xo.  70.  Thr  Srnmlirilin af 

thr  Tnd*  of  thr  Vapor  Drtrrtnr  Kit,  Ro-H.t,  to  1st  hat 
anil  Carnally  Prnthtritty  Cnnrrntmtiiinr  of  Common 
Twin,  May  27,  MM3.  IHv.  !MI2-M3 

o.  XDHC  03-1  Inf.  Ilrpt.  Xo.  HI.  Equipment  for  thr 
Umntml  nf  trim  from  Silira  (Sri,  July  20,  1013. 

IHv.fMII.3-Mf 

p.  XDHC  0-3-1  Inf  Ilrpt.  Xo.  M.  ('uproot  ludiilr 
Impregnated  Silira  (Irl  a*  a  Sprriftr  Di  trrtnr  far 
hnrintr,  Hrptmiln-r  4,  1043.  IHv.  IM22.23-M2 

30.  Contmrt  t’KMxr-ISO,  I'nivmilv  of  Virjtinia,  John  II. 

Yor. 

n.  XDHC  H-3-11  Inf.  Ilrpt.  Xo.  3H.  Thr  Drtntinn  of 


Swwinilr  amt  Kthylilirhlomarriin  with  Tt  trann  thyl- 
iliaminailiphrnytmrthnnr,  April  17,  MM2. 

IHv.  0-422.24-MI 

l».  XDHC  B-3-II  Inf.  Ilrpt.  Xt».  40.  Hthariornf  Thick¬ 
ened  Vrtimnt »  with  IMrrtar  Paint*,  Junt-  10,  MM2. 

IHv.  1M22.K-M0 

37.  ('ontmrt  OKMsr-1002,  Cnlvrrxity  of  Mitmrxntti,  K.  II. 

MnrDnuRull. 

n.  XDHC  0-3  Inf.  Ilrpt.  No.  01.  {intimation  and  Con- 
trot  nf  thi  Aridity  of  Silira  (Srlt,  Jntiunrv  1 1,  MM  I. 

Div.IMII.3-M2 

l».  XDHC  0-3  Inf.  Ilrpt.  Xo.  02.  Stability  of  CIS  (Srlt, 
Mnrrh  25,  MM4.  Div.  tMI  I.3-M3 

r.  XDIIC  0-3  Inf.  Ilrpt.  No.  00.  Thr  llratiny  of 
Drtrrtor  Tube*  and  thr  Trmprralnrr *  A  tlrti mil  under 
Varinu*  Condition*,  Mny  12,  MM4. 

IHv.  IMI2.I-M3 

MISCELLANEOUS 

38.  XDHC  Divixion  0  llr|xirt,  A  Krrirw  of  American, 
British,  German,  Japanrnr  and  Italian  Firtd  Drtrrtor 
Kit*,  hy  Morrix  II.  Jnrttlw,  Junr  1044. 

IHv.  0-412.2-MI 

30.  XDIIC’  IKviriou  J  llrport.  Hr  port  of  Cnnfrrrnrr  Con¬ 
cerning  thr  NHL  Drtn  lor  K it,  lijr  Morrix  1 1.  Jam) >x,  July  7, 
MM4.  IHv.  1MI2-M5 

40.  XDHC  Divixion  9  llrport,  Tabular  Summary  of  Hritinh, 
Chinrtr,  German,  Japanrnr  and  Italian  Field  Drtnlnr 
Kit*,  Ity  Morrix  II.  Jnnilix,  A|tril  17,  MM5. 

IHv.  9-4I22-M2 

I'NITED  STATES  ARMY  REPORTS 
Chemical  Warfare  Srrrirr 

41.  CMTIl  15.  Japanrnr  Gltu*  Ampoulr*  of  Drtrrtnr  Crytdal*, 
Aii*nxt  MM3. 

42.  CMTIl  42.  (trrmarn  "Saif  Sri.”  HirrhpmhrmMrn,  Dn- 
rrmlirr  MM3. 

43.  CMTII-MIT  0.  Jaimnrnr  Chrmiml  Ayrnt  Drtrrtor  Kd, 
April  I,  MM4. 

44.  CMTIl-MlT  8.  German  Chrmiml  Ayrat  Drtrrtor  Kit, 
April  Ml,  1044. 

45.  CMTII-MIT  0.  Japanrnr  Sara!  Type  Chrmiml  Agent 
Drtrrtor  Kit,  April  III,  MM4. 

40.  Mnlirnl  IHvMon  llrjn.  Xo.  I.  Mioti*  af  the  Pupil  a*  a 
Tent  for  Walrr  Contamination  by  PF-.1,  Hrptrmlirr  28, 
MM4. 

47.  Mriliml  Division  Hrpt.  Xo.  2.  A  Kit  for  thr  Drtrrtion  nf 
Blidrr  (Sojrn  on  Food*  and  Food  Portaging  Material*, 
Hrptrmlirr  18,  MM4. 

48.  Mnlirnl  Divixion  Ilrpt.  Xo.  7.  Field  Tenting  of  Stmt  Trtd 
Pmmlurr  for  Drtrrtion  nf  PlunroJIrynnir  Compound*  in 
Water,  Mnrrh  8,  MM3. 

40.  Mnlirnl  Divixion  Ilrpt.  Xo,  31.  Srnnitirity  nf  Muntanl 
and  Amrniml  Trnt  Pa\trr*  to  Agent*  in  Air  and  Water, 
Junr  0,  1015, 

50.  MIT-MII  10,  Liquid  Vrnimnt  Drtrrtor  Paper  Containing 
B-t,  Ati*ttx<  5,  MM2. 

51.  MIT-MII  20.  Drtrrtnr  Crayon*,  DrrrmU-r  3,  MM2. 

52.  M IT-M II  103.  Drtrrtor  Paper*  for  thi  Drtrrtion  nf  Chrmi- 
ral  Agent  Vapor*,  Orlolirr  3,  MM4. 
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S3.  MIT-MH  IK*.  DXH  Tidfnr  Mndartl  Cnnlaminaleil  lm* 
permrahU*,  Drrrnil«*r  I  ft,  IM4, 

51.  MIT-MH  131.  Imnmermrnt  of  Kit,  Chrmiml  Agrnt  Dr* 
trtnr,  M-ii  (July  I,  ltt',.1  J„ty  /,  //>{{>,  Mny  ft,  IMS. 

.Vi.  MIT-MH  lift.  Iletrrtor  Tnhr*  for  Kit,  Chrmiml  Agrnt 
iMtirtnr,  M*ti,  .Inly  2*,  IMS. 

SO,  MIT-MH  172.  Drtnior  Cmiym*  for  Xilmpn  MudnoU, 
Hr|itrml«*r  M,  IMS. 

57.  MIllJKA)  lt<*|rt,  Xu.  ft.  Thr  fur  nf  Biemoth  Inlidr 
( Drngrmtorf )  Pnprr*  fnr  I  hr  Drtrrtinn  of  Xitmgrn  Mon* 
tnnl,  Drlulirr  2H,  IMS. 

58.  MHMK\)  lli*|i(.  No.  10.  Thr  Mirmdrtrrminnliim  nf 
IIX-1  in  Water,  Jnnunry  21,  1M4. 

59.  Mltl/KA)  H«*|it.  No.  HI.  Firld  Trd*  on  Wit trr  Supplier 
Kxpn*rd  In  thr  Artion  of  t'(i  amt  AC,  Jnnunry  17,  IM4. 

00.  MltUKA)  Hrfd.  Nii/21.  Firld  Training  nf  ft  nr  Dog  In 
Drtrri  II,  Ml'V  2,  IIM4. 

61.  MltUKA)  llr|il.  Nil.  37.  A  Trd  Paper  fnr  thr  Prtrrtinn 
of  Sulfur  amt  Xitmgrn  Modard*  on  Font*  anti  Font 
Parkaging  Material*,  Hrjilrmlnf  18,  14*44. 

62.  TDMH  314.  Chrmiml  Amt  Ddrrtnr.  (tru  Drtrrtnr 
Paint:  Change  in  Formula  to  Mrrt  Weathering  Tnt*, 
ami  to  Klimmalr  thr  fnr  nf  t'mtmium  l.ithnpnnr,  Hqi- 
trmlirr  10,  IMI. 

63.  TDMH  331.  Chrmiml  Agent  Drtrrtar.  On*  Drtrrtnr 
Crayon  ami  Ponder,  IVrrmlirr  20,  IMI. 

64.  TDMH  409.  Chrmiml  A-jrnl  Drtrrtnr.  Drtrrtnr  Crayon 
for  Xitmgrn  Mndant*,  July  20,  IM2. 

6ft.  TDMH  307.  Chrmiml  Agrnt  Drtrrtnr*.  Go*  Ahaarptiaa 
Type,  Drrrmlirr  .10,  1M2. 

06.  TDMH  IMS.  Idridiftmtion  of  thr  SHmgrn  Mndant*: 
•In  Im promt  Bitmulh  Potauinm  ladiilr  Hmgrnt,  April 
30,  IMS. 

67.  TDMH  847.  Drtrrtinn  ami  fd'ntifimtiaa  of  Cyanide* 
anil  Other  Cyanogen  Compound*:  Pymtnlanr-Pyridint 
Method,  Jura*  I,  I1M4. 

OK.  TDMH  N«2.  Kit,  Chrmiml  Agrnt  Drtrrtnr,  MM,  An  In* 
mdigotio*  of  thr  Trot*  attained  trith  Ihr  Drtn  'nr  Tnhrn, 
AmrurI  21,  IM4. 

09.  TDMH  KK7.  htrntifmtinn  rf  Agrnt *  Containing  Flan* 
rim  I.  I'm  of  Plain  Si  lira  Ur 1  Tain*,  Nr|llrml*'r  H, 
IM.. 

70.  TDMH  1010.  Phong^~  Drtrrtnr  Payer,  Mnrrli  10,  IMS. 

71.  TDMH  I0S0.  (lamina  Hrmijlpyriilinr-Barhitnrir  Arid 
Hmgrnt:  A  .Vrr  Drtrrtnr  for  CK,  Mav  14,  IMft. 

72.  TDMH  IIOR.  Imymrrmrnt  of  .11-7  Yroimnt  Drtrrtnr 
Cmyon,  July  30,  IMft. 

73.  MriUml  Hm-nrrli  l^ilmmlmy  (Kil*rwiN«l  Ararnnl). 
Inf.  Month.  I’nnr.  Hi*|itn. 

n.  July  IS,  IM4, 
li.  !4rp»i>mi**r  IS,  IM  I. 
r.  OrliiU-r  I, ft,  IM4. 

•I.  Nuvrmlrr  IS,  IMI. 

«*.  Jnnnnrv  Ift,  IMft. 
f.  FVImuiry  IS,  IMS. 

K.  Mnv  Ift.  IMft. 

II.  AiHUHl  Ift,  IMft. 

74.  (\VK  Hi*|hiM  Nii,  12ft.  Thi  I  hit 'linn  nf  Mndant  dot, 
Amtuni  is,  itrjK. 

7ft.  rWl<  Trrlmiml  llnllriin  Nn.  .V7-I.  Method* and  Eqnip- 
mrnt  far  Ihi  IP  In  lion  nf  Vtrimnt*,  Jlim*  39,  IM2. 


76.  Chrmiml  Wnrfnrr  Agrnt*  D'trrlor  Kit:  For  t  ’«  In/  (iiatnl 
and  Stratify  Dm  hum,  Mnrrli  13,  1944. 

I  'SITED  STATES  XA  IT  REPORTS 

Xnml  Rr  march  /.nhumlor)/ 

77.  A  Mumtory  Sind  Tr»l  for  Ihr  Xitrogrn  Modonl*,  .lulv 
1.1,  I  M2. 

7H.  Pratrrtirr  Clothing,  Auffuxt  31,  IM2. 

79.  P-2223.  .4  Criliml  Kralnation  of  thr  Prrformann ■  of  the 
Army  M*H  Chrmiml  Warfare  Agrnt*  Va/mr  Drlrrtion  Kit, 
Jnnunry  28,  IM4. 

80.  C-#t77-2(4ftfl-JKJ).  Tr*0 >  nf  t.iqnid  Yi*irant  IMrrtor*, 
Frlirunry  12,  IM4. 

81.  ( '-X77-2(  4394  A  K  ).  An  Imyromt  llydmryanir  Arid  {AC) 
Drtrrtnr  1  nhr,  Ortulirr  27,  IM4. 

MISCELLAXEOCS 

82.  Nnvy  Drpnrtmrnt,  Drfrnrit*  Chrmiml  Warfarr  Manual. 
FTP  222,  Nuvrmlirr  IS,  1M4. 

BRITISH  RE IX) RTS 

Chrmiml  Defence  Renrarch  Station,  Porto n 

83.  Porton  Mmmmmlimi  No.  22.  Camprrhrntirr  Report  no 
S,  Mnrrli  ft,  1043. 

H4.  Porton  Mnraimmliim  So.  20.  Interim  Mrmnmmlnm  on 
(la*  Warfarr  in  thr  Tmpir *,  Nuvrmlirr  21,  IMI. 
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Daulten,  Jr.,  George  8.  Hammond.  Blaine  C.  McKuniek, 
George  P.  Mueller,  C.  Kyle  Parker,  Sidney  D.  Rim,  ‘ 
A'.imhnm  Hchneidcr,  8nmuet  Siegrl,  and  G.  Format 
Wood*.  Harvard  I'nivendty,  Deecmlier  17,  1915. 

Div.  0-71 1-M4 

18.  OHR  D  0308.  Thr  Ayn!hr*i*  of  Somr  Compound*  for  Tenting 
a*  Inmrt  Repellent*,  by  C.  D.  Ilenton,  l<.  Knpinn,  and 
C.  H.  Noller,  Stanford  I'r.lvernlty,  I?  remlter  3, 1945. 

Div.  0-7M-M2 

10.  OSRD  0309.  The  Preparation  rf  Some  Compound*  for 
Tenting  a*  Invert  Repellent*,  by  Melvin  8,  Vewmnn, 
Barney  Maeeririn,  William  Wheatley,  and  bimiai 
Rapa|airt,  Obio  State  I'nivemity,  Deeecijirr  28, 1045. 

Itiv.  0-7!  I-M5 
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20.  DSHD  KITH.  Tkt  J'rrfMtrnlinn  of  Somr  Com/mumt*  for 

Tenting or  tourrl  It,  I* limit,  liy  Nathan  !,.  Drake,  Clwrlex 
M.  Baker,  film  W.  Kilmer,  Kidney  Melamed,  Willxtr  J. 
Sbrnk,  and  W'arren  K.  Www,  I'niverxity  of  Maryland, 
IVremlier  14,  IMS,  Div.  11-71 1-M3 

21.  OHItl)  0371.  Somr  Ciungoumh  SuhmiUrrl  for  Tenting  0* 
inner!  Rryrllrnln,  liv  Homer  Alikins  Arthur  ('.  Cojie, 
K.  C.  Fnxon,  (*.  K.  Koelxeh,  It.  I„  Shrincr,  hee  Irvin 
Smith,  mnl  A.  I..  Will  lx,  Felmiarv  20,  1040. 

INv.  0-71 1-M0 

22.  OSIll)  0433.  An  Inerntigation  of  Promtiiren  of  Pimnibtr 
Vat  nr  for  thr  Chimirnl  Kntimatinn  of  the  Toxir  Priori ptr  of 
Hnt  Squill,  hy  l„  Kaplan,  C.  I).  Heaton,  unit  C.  II. 
Xoller,  Stiiiifnril  I'niverxity,  Defend  ier  20,  1043. 

IWv.  0-72I-M3 

OSRD  IX FORMAL  REPORTS 

23.  Contract  OKMxr-HS,  I'niverxllv  nf  Nrlrnixkn,  C.  S. 
Ilnmiltnn.  Inf.  Month.  I’m*.  ttepf.,  An*nxt  10,  1043. 

Div.  0-000-MO 

24.  Cunt  met  OKMxr-135,  Nnrt  Ira-extern  Cnlvemlty,  (*.  1). 
Hunt.  Inf.  Month.  Pm*.  Kept.,  An*nxt  10,  1045. 

Div.  O-123-MI 

25.  Cntitrnrt  OKMxr-312,  I’niverxity  of  Mbwonri,  limn-  K. 
Hmt.  Detection  for  DOT,  .fnntutry  5,  IMS. 

Div.  0-712  I3-M2 

20.  C'ontrnrt  OKMxr-312,  I'niverxity  of  Minwxiri,  ilmry  K. 
Bm!,  IJoyil  It.  Tlximnx,  nml  Klijnli  Swift,  Jr.  Inf.  Month. 
Pm*,  lteptx.  Div.  0-127-M I 

a.  Jmt'.mry  10,  IMS. 

I».  Krlminry  10. 1M5. 

C.  t'ehnmry  2H,  IMS. 

27.  Oontmrtx  OKMrmr-M-27flfl  nml  4820,  Federal  Security 
A*rnry,  FinhI  nml  Dm*  Adminixtration,  Divixhm  of 
Phnrmnnilo*y,  llcrlirrt  O.  Culvriy  nml  John  II.  Drake. 
Pinal  Itefmrt,  Taricity  of  Inner!  Repellent*  ami  ’rtmairietra, 
Ort.ihcr  31,  IMS.  Div.  W-7I2.2-M  I 

afc.^Cunlrnrt  OKMr:nr-M-433t,  Cnitiil  Staten  IteiHrtment 
A*rieiiltiire,  ,\*ririi!t oral  IfmutvTT  Adh'iinixtrafmu, 
Bureau  of  KntomohiKy  anil  Plant  Quarantine.  Pinal  lie- 
port,  Section  2  (of  4  otionx),  furrnlignlion*  on  thr  Con¬ 
trol  of  ln*rrt*  amt  ii'n-r  .1  nlhmpnl*  of  Imporlnorr  to  thr 
Armrtl  Pnrrro  Comtiiiiiil  hy  Dieinion  of  Inmrtirittr  In - 
mtigntion *,  Hrllnriltr,  \farytaml,  Oct  olier  31,  IMS. 

20.  Contraetx  Oh.MeW-M-4331  ami  0233,  thr  lulled  Statrx 
Department  of  A*rimltiin*,  A*rienlton.l  Rexenrrh  .VI- 
minixtmtiiNi,  Bureau  of  Knlomoloo*  nml  Plant  Quaran¬ 
tine.  Final  llp|xirt,  Section  I  (of  4  Section.*),  tnmlitjt.- 
lion*  on  thr  Control  of  tn*eii*  amt  Other  Anlhm/mln  of 
Importance  to  thr  4  rn,  a  Porno  Cnnituetnl  hy  Mr  (Irian, to, 
Pin.,  Hmrorrh  hthomturii,  A|iril  1042  to  Octolier  IMS. 

Div.  0-712.4  l-Mrt 


MISCELLAXEOrS 

30.  Mrmornml'im  on  Animnl  I'nimn*,  tty  Hinlxpy  Itpnxhnw  to 
W.  II.  Kimcr  for  tranxmixxion  to  II.  Ttciehlcr,  FMi  ami 
WiMlifp  Servin',  |  )ercm».cr  30,  IM3.  Div.  0-724-M I 


Rational  Rvmarch  Council  linnet  Control 
Committee  Rrjmrt 

31.  .4  Summary  of  Field  Report*  on  tOSO  ( Snlium  Fhwro- 
orrlatr),  hy  Richard  A.  Ormxlice,  Nntkmal  Rexenreh 
Cotmcil  Inxppt  Content  Committee,  Drertnlier  17, 1015. 

Div.  0-72I.I-M2 

UNITED  SPATES  ARMY  HEARTS 

32.  TDM  It  1177.  A  Water  Di*per»ihte  DI)T  Siit/nuriaa 
Concentrate  (Cream  or  Pa*lr),  Dceemiier  4,  1040. 

33.  Contract  W-400S7-CWIV23,  1‘nlvrrxily  of  Ctikngu 
Tonicity  I-alxtratory.  Sjiecial  Kept.  on  Thr  Toxicity  to 
White  Halo  of  Hnt  Squill  Pointer  anil  Variant,  Prartion* 

I  *  Joint  from  it,  Deremlipr  IS,  IMS. 

UNITED  STATES  NAVY  REPORTS 

34.  Nnvitl  Medical  Hwenreh  Inxtitnte,  Xntionnl  Naval  ^ 
Medical  Center,  Hetlieadn,  Maryland,  lleeentch  Pmieet 
X-I4M4. 

a.  Keport  Xo.  3,  May  7,  IMS. 

l>.  Heftort  Xo.  8,  Septemiier  25,  IMS. 

INDIAN  REPORT 

IS.  India  Command,  Xo.  I  AnthGaa  Ijtlioratory,  It.  K. 
Iteport  Xo.  07,  IlDT-Mrolifmlino  Trntn,  tty  F.  K. 
ChnHeKm,  March  20,  IMS. 

OPEN  LITERATURE 

38.  Haller,  II.  L,  Pawl  D.  Bartlett,  Nathan  I,.  Drake,  Melvin 
ft.  New  man,  Stanley  J.  Criatol,  Charlee  M.  taikcr,  Itolwrt 
A.  I  lay  ex,  Glen  W.  Kilmer,  Barney  Ma*erlcin,  Gcor*e  P. 
Mueller,  Altraham  Seltnehlrr,  and  William  WTientley, 

Thr  Chemical  Compmitinn  of  Technical  DDT.  J.  Ain. 
them.  Hoe.,  07,1501  (IMS). 

37.  Criatol,  Stanley  J.,  Robert  A.  Hay  ex,  and  II.  I,.  Haller. 
Determination  nf  l-Trirhtoro-2^-him(inrhlamyhmyl)rthane 
in  Technical  DDT.  Iml.  Kn*.  Chem.  Ann!,  til.,  IT,  470 
(IMS). 

•W.  Selieehter,  Milton  H.,  S.  B.  Sdowaj,  Roliert  A  llnyw, 
and  II.  I..  Haller,  Colorimetric  Ihtremination  of  DDT. 

Ind.  Kn*.  Chem.  Anal.  Kd.,  IT,  7M  ( IMS). 

30.  Crixtol,  Stanley  J.  and  II.  I*.  Haller,  Thr  Chrmirtry  of 
DDT—  A  Review.  Chem.  and  Kn*.  New*  til.,  ft,  2070 
( IMS). 

40.  Stoll,  A.,  J.  Ben*,  and  A.  Helfenxteln.  fiber  die  Struktur 
ilea  Srilliroaiita.  Ilelv.  Chim.  Aeta.,  M,  048  ( IM3). 

41.  Strcilf,  Anton  J.  and  Frederiek  I).  Roxeini.  Mrlhmt  for 
Determining  Imiiviituat  Ityilmmrhoni,  in  Mixtnrm  of 
tlyilnu^uhiin*  hy  Mraauri  ii.rnt  of  Prvrting  Paint*.  J.  Ite- 
ix’areh  Xntl.  Bur.  Stamlnrtlx,  It,  IKS  (IM4). 


Chapter  43 

OSRD  FORMAL  REI*ORTS 

I.  DSHD  0424.  PrrpantHaa  of  Antimalarinl  lnlrrmni‘yti*, 
hy  Geor*p  II.  Coleman,  State  •  ‘niverxity  of  Iowa,  I V- 
eemlipr  10,  IMS.  Div  ?Mi«0-M7 
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4.  OffltPMST.  *u«m*  <4 

Mu  AnlimalarM  i*rrmM+  Hr  C.  8:  **W,‘  ^ 

H.  F.  OK »».  Klpont,  H.  K.  F«*t*r.  endU:  }*■  **- 
<*tmb,  V**n»f  of  Sd>r**kn,  Nuvemlter  20, 

3  (Mill)  54W.  TAe  « 

*P"*.  JN  ‘‘BlvWtty*  A'*"‘'  2I,,SUm5 

O.SKD  INFORMAL  REPORTS 

4.  Contract  OKManJtt,  Cnivemlly  M  ^ 

Hamilton.  Inf.  Men) It.  Pr>*.  Kept*.  ,)iv‘ 
a.  July  8,  1044. 

»«,  At«uid  *,  U44. 
e,  Hrptemlier  il,  I1M4. 
d,  Ootutar  7.  1144. 

»,  Niivemlicr  10,  l#H. 

|,  Dragnlirr  0,  1144. 
g.  Jummry  to,  1145. 

Ii,  February  lit,  445. 

l.  Mnrrli  10, 1043. 

j.  April  10,  MM3. 

k.  May  10, 1045. 

Juno  10,  1145. 

m.  July  to,  1145. 

0.  ciiJoK&K *,mn  **«•«■ ‘Sr^fSS 

Inf.  M.mtli.  Pn*.  Ueplo.  ,)iv‘ ,M22  MS 

n.  Hopfonilfr  10,  I1MJ. 

It,  tVlito  10, 1144. 

o.  Xuvomlior  10, 1144. 
d.  Ilwinlut  10, 1144. 
o.  January  10,  1145. 

f.  February  10,  1145. 

H.  Marrh  10, 1145. 

h.  Aj«ril  10, 1145.  . . .  . 

i.  May  10,  1145. 

j.  Juno  10, 1143. 

V  July  10, 1145. 

I.  AuguiU  10,  H45.  i-  vt 

6.  ikmlPrt  OKMnr-135.  N.|rtl.w«Hom  4  oivwM^ .  <•  *>• 

Until.  Inf.  Mimth.  Pn*.  Uopla.  I1iv-  1 

a.  July  10, 1144. 
k  Auguat  10,  1144. 

c.  Hrptemlier  0, 1141. 

d.  Ool. rfw  0,  H44. 

o.  Xovcmlter  10,  HM I. 

C.  DoormlrrO,  1144. 

It.  January  10,  1015. 

It.  January  30, 1143. 

I,  Mitroli  8,  1145. 

1.  April  0,1015. 

k.  May  10, 1145, 

l.  Juno  K.  H45. 

m.  July  10,  P45. 

«.  Augtiat  10, 1145.  .!  . 

7.  C'unlrnot  Utatwttt,  Indiana  I  nWwrfty,  H. 

Inf.  Month.  Pn*.  Kept*.  uw- 

a  January  10, 1143. 


U,  Feltnmry  10, 1145. 

e.  Mttrrh  10,  1045. 

d.  April  10, 1045. 

«.  May  10,  HM3. 

f.  June  10, 1145.  ... 

8.  Ctmintrt  OKMrr-323,  «1Me  1'niven.ily  «f 

Ottoman.  In!.  Month.  Pn*.  «<*!»»*•  ,,lv‘  1 

a.  Hoptcmltor  10, 1144. 
k  Oct  niter  10, 1144. 

e.  Sovemlier  10, 1144. 

d.  Peer  miter  10,  1144. 

e.  January  10, 1145. 

f.  Fritfliarj  10, 1145. 

g.  Mnreh  10, 1145. 

h.  Afrrit  10,  U45. 

I.  May  10, 1145. 

j.  Juno  to,  1045. 

k.  July  10,  1145. 

0.  C.lnimToKM”rSVnlven.lly  «4  »»,«.*•«.  £  JJJJ- 
inf.  Month.  Pn*.  Kept*.  {SiSK® 

IMv.  1WW0-M4 

\ 

a.  Hoptcmltor  10. 1044. 

It.  Ootulior  10, 1144. 

e.  Xitvcmlicr  10, 1044. 
d.  lJooomlior  10, 1144. 
o.  January  10, 1145. 

f.  Fehmnry  10,  1045. 

g.  March  10, 1145. 

h.  April  10,  1045. 

».  May  10, 1145. 

j,  Juno  10,  H45. 

k,  July  10, 1045. 

to.  oL'r;iiSS;  r«iri,y  .4 

Ailklna,  ami  A.  1..  Wlfch.  Inf-  Mmh.  1 

1»v.  1WW0-M2 

a,  Hoptomiior !»,  1144. 

It,  Ociulwr  10, 1144. 
e.  Xovomltor  10, 114 1. 
preemlrr  10, 1044. 

e.  January  10, 1145. 

f.  Foltnwry  10, 1145. 

g.  Marolt  10, 1145. 

It.  April  10, 1145, 

«.  May  10, 1015. 

j.  Juno  11,1145. 

k.  July  10, 1145. 

Final  Kept-  IV-P-gf  * 

t'lmriei*  1>.  Hui.t,«lU  K.  Pawt**.  William  A.  1  mw*r, 
and  Km  J.  «mo,  X«rtl.ue*tmi  I  nl^mM.W 

12  i'lmtrart  OFMeror-5tW.  Final  Kept,  on  A>IA«u*  V 

'=; 

» <  ’rz'r'v"™ K  "■*' 

l, mn,  Prermltcr  31,  U4.t. 
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13.  Contract  OKMcmr-SttS.  Finn!  Kept.  on  Anlimalariol 
l ntrrmnlintri  and  Drug*,  1«y  Henry  Oilman,  8.  Avakian, 
R.  A.  Hmlwner,  It.  X.  Clark,  A.  K.  Undltlnd,  F.  J. 
Marx  hull,  F.  A.  Martin,  it.  P.  Mnnate,  Jr.,  nod  J.  K. 
Mvcrn,  Iowa  State  Collryp,  Mnreh  30,  1046. 

Div.  0-000-M12 

14.  Contract  OKMftnr-SflS.  Final  Rept.  on  Syulhrtr*  of 

Brntnguinolinr  Drrioalim  nod  Certain  Anlimalariol 
I  ntrrmrdintr*,  liy  {'.  8.  Hamilton,  It.  F.  Colen,  It.  K. 
Fiwter,  oml  It.  I).  l,ipncomb,  Cnive  tally  of  N'ehnekn, 
December  31,  IMS.  Div.  MOO-MO 


IS.  Contract  OKMen»r*S«7.  Final  Itcpt.  on  Synlhrti*  of  Po¬ 
tential  Anlimalariol  Agent*  and  lulrrmnlialrt,  by  Homer 
Atlkina,  Harry  P.  Hrliulti,  Jnmce  K.  Carnahan,  A.  I,. 
Wildn,  Melvin  Itelienatorf,  ami  Rutlier  (1utlik<r,  l*nl* 
veraity  of  Wlaennain,  February  28, 1046. 

I)lv.  (MWO-Mll 

8.  Contract  OKMcmr-570.  Final  Rept.  on  The  Synlkmit  of 
Candidate  Antimalarial  Drug*  and  Hrlalnt  Compound*, 
l»y  It.  C.  Fuaim,  C.  C.  Prtre,  It.  A.  Hmtnmn,  I).  M. 
Humean,  K.  Howard,  Jr.,  W.  K.  Parltam,  and  I,.  J.  Heed, 
Uu.  reraity  of  tllinoia.  May  31,  1046.  Div.  O-tiOtVM  13 


K 


08RD  APPOINTEES 

division  • 

Chief 

W.  R.  Ksrkei 


Technical  Aide 

Jonathan  W.  William* 


J/embm 

Homer  ADkinb 

H.  S.  Gasser 

M.  M.  Brubaker 

C.  8.  Hamilton 

A.  M.  Buswell 

W.  C.  Johnson 

W.  S,  Calcott 

C.  8.  Marvel 

A.  C.  Cope 

C.  Niemann 

L.  F.  Fieser 

R.  L.  Shriner 

K.  Folkers 

Homer  W.  Smith 

section  im 

Chiefe 

Homer  Adkins 

A.  C.  Cope 

Technical  A  idee 

Joseph  Dec 

E.  Wilkins  Reeve 

Jonathan  W.  Williams 

SECTION  9-i 

Chief » 

A.  C.  Cope 

Homer  Adkins 

Technical  A  idee 

•  . 

Joseph  Dec 

Marshall  Gates 

SECTION  B*l 

Chiefe 

Warren  C.  Johnson 

Carl  G.  Niemann 

Technical  A  idee 

. 

Donald  Pearson 

Morris  B.  Jacobs 

SECTION  !M 

Chief 

H.  8.  Gasser 

Technical  Aidee 

A.  C.  Cope 

Birdset  Renshaw 

Stanford  Moore 

SECTION  *A 

Chief 

Homer  W.  Smith 

Technical  Aidee 

Stanford  Moore 

Birdsey  Renshaw 

John  A.  Zapi*,  Jr. 
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CONTRACT  NIMRKRH,  CONTRACTORS  AM)  Ht'lklKCTH  OK  CONTRACTH 


Ctmlmti 

Numbrrt 


Contmiiar 


NtX.'r 
NDCrt-0 
X  DCrr-7 
XIX’re-10 
NDCrr-IU 
XOCrc-17 
NDCic-19 
XfX*re-.10 
NIX 'rt -W 
NtX'rc-M 
NIXV-411 
NIXif-72 
NDCre-fW 
NDOrc-CK 


(St  OEMar-.KM) 
(Hit  OKMar-ttM) 

(Hit  OKMar-CiS) 
(Hit  OKMar-Ctti) 
(Hit  OKMar-85) 

(Sa*  OKMi*r-3TJ) 

(Hit  OKM*r-97) 

(Hit  OKM»r-X7) 
(HrrOKMxr  HU) 

(Hit  OKMar-HOtt) 

(Hit  OKMnr-97) 

(St  OKMar-WI ) 

(Hit  OKMw-312) 
t’liivcmity  of  ChiraRo 
ChiraRo,  HI. 


NIX 'it- CM 
XDCir-Cm 


(Hit  OKMnr-79) 
llarvHnl  l*tilvi*rnl»y 
( 'amhrklRi',  Mai'*. 


NIX'rx-l.M 


NIXV-HW 


Rorkrfrlk*r  Institute  for 
Mcdiral  KiTUrrh 
X-™  York,  X.  Y. 
Harvard  Cnivemity 
CamhrklRc,  Mnaa. 


XIX  it  l?2 

OKMar-dX 

0EMar-fl2 


OEMar-78 

OKMw-79 


(StOKMt  l:m; 

(St  OKMar  •»»> 
Rockefeller  Institute  for 
Miillni'<,!i««iirrl» 

.  New  York,  X.  Y. 

(St  OKMar-:HM) 
I'nivemitv  of  ChiraRo 
ChiraRo,  Illinnh 


.OKMar  HP 
OEMsr  85 


UKM«r  Ml 

OKMar  K7 


(St  OKMrr  :«7J) 
Cniveraity  of  Nebraska 
l.inroln,  Nebraska 

Iliirvanl  t'nivcr»il> 

< 'nmliriilRe,  M.imi. 

I'lthmiHy  <4  ChiraRo 
•  'hiraR**.  III. 


Suhjrrt 


t 


StmlH-i  ami  experimental  invest  {Ration*  in  ronncrthai  with  the  vesicant 
art  Km  of  certain  rhrmiral  warfare  materials  an  lunR  iiritants;  thr  <k*- 
trmiinatiiHi  oT  tlvr  toxicity  and  irritant  artion  of  all  typi*  of  rhrmiral 
warfarr  oRents,  and,  upon  request,  tla*  united  aklnR  of  further  atutUra 
ami  experimental  inviwti*a*iona  of  thi>  pn'tmration  ami  proja’itlra  of 
rhrmiral  suiwtamr*  for  military  or  naval  appliration. 

Htmlira  ami  rxprrimrntal  Invest  iRatkms  In  ronmTtiim  with  thr  |trr|mmtlon 
of  IjraWtr  ami  rnditiartivr  sulfur  and  arsenic  compounds;  thr.  mechanism 
of  thr  artion  of  varinut  derontaniiiunil*  U|shi  Ijrwisitc  ami  inustanl  Ran; 
a  search  for  a  mm-comisivc  ikrontaminant;  thr  Inter-mnvrrskiM  of 
I/wUitr  isomer*  toRrthrr  with  thr  prrpnration  of  now  anakigr  of  la*w*  • 
Wtr;  thr  fartom  affrrtinR  thr  fk>kl  itv  of  rhrmiral  warfarr  aRrnta;  the 
synthesis,  statiility,  ami  miThaninm  of  artion  of  non-volatlk*  toxic  aflrnU 
ami  othrr  aRrnta*,  inarrtieitlea  ami  InatTt  rrpritrnta. 

Htmlira  ami  rxprrimrntal  invest  IRatkms  in  rimnrrtion  with  hiokiRiral 
mrthmla  for  detection  of  prmietmt  rhrmiral  aRrnta. 

Htmlira  ami  rxprrimrntal  investigations  in  ror.nrrtiim  with  thr  phyaloloRl- 
r»l  art  ion  of  misdanl  R**,  hrta  hakiRm  sulfhk**,  and  lerwisitr  hv  mrana  >»f 
rndkswtivr  aulfur  ami  amrnir;  thr  drtrrminatkm  of  thr  roumr  of  artion 
•if  rhrmiral  warfarr  aRrnta  thnaiRh  thr  t*a*  of  radioactive  traertn;  the 
phyaioloRiral  mrrltaniame  involved  in  thr  pnslurtion  of  injuty  hr  flnmr 
thrower  attack. 


Htmlira  ami  ixprrimrntal  invratiRationa  in  connection  with  na*th<alM  of 
immunixation  acninat  thr  artion  of  certain  war  Raara. 


Htmlira  and  experimental  invratiRationa  in  connection  with  mrthmla  for 
the <Mert ion  of  tmiatanl  Raa  ami  othi*r  prmiatrnt  aRrnta;  the  preparation 
of  rertain  rrnRmta  for  ti*at  purpura;  thr  drvelo|Hm*nt  of  a  complete 
Raa  detector  kit;  thr  factor*  affiTtiriR  thr  tirkl  uae  of  rhrmiral  warfan; 
nRi*nta,  ami  mrthmla  fia*  ik-tretion  ami  unnlvair  of  inarat  frith**. 

Htmlira  ami  experimental  invratiRationa  in  ronnertioo  with  tla*  pn*pamtinn 
of  ofRanir  nrsenirals;  thr*  preparation  of  certain  toxir  n Relita  ami  tla* 
*yntl***i*  of  thera|«aitir  interrraaliatia. 

Htmlira  ,-rml  rx|«*rifm*ntid  invratiRationa  in  ronmrtion  with  tla*  mnR>*  «f 
romliinnt mu  of  vraiennta  with  hioloRiral  matrrinla;  tla*  plivaioloRirid 
chemistry  of  thr  krai  ami  eyetemir  nctkin*  of  <-lM*mirnl  warfan*  aRi*nta. 

Htmlira  ami  experimental  invcatiRjitbm*  in  roni*Tt rm  with  the  iletiTt ion 
of  certain  persistent  rhrmiral  itRcnta;  ilevelopiiH'iit  of  ipimilitntivr 
mrthmla  of  analysis  of  all  typra  of  war  Rn*a*a;  eotorina*tri<*  incllaala  of 
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COXTUACT  XIMHEKH,  COXTIIACTORR.  AM)  81KJKCT8  OK  COXTItACTS  (Cantinuni, 


Cmtmet 

Sxmbrn 


OKMxr-04 

OKMxr-517 


Vmtnxtm 


fSre  OKMxr-532) 
Iowa  State  Coik-ge 
A  nun,  Iowa 


OEMnr-IIW  (See  OKMar-.ri!W) 

OKMxe-114  (Sec  OKMnr-StOI) 

OEMxr-123  Wwliinflm  I'nlvemity 

Ml.  lamix.  Mbwouri 


OEMxr-121) 


OEMxr-1.14 

OEMxr-i:» 


Rork'-feUrr  Inntitute  for 
Medical  Riix-arrh 
Xt-w  York,  X.  Y. 


(See  OKMar-lffA) 
Xorthwcxteni  Cnivrraity 
Kvaoxton,  III. 


OKMnr-l.W 


In-laml  Stanford  Junior 
I’nivemity 

Stanford  Cnlvemltv,  Calif. 


OKM»r-l:W  I'mvemity  of  Yirginia 
Chariot  hxvilk-.  Va. 


OEMxr- 144  Conn’ll  I'nivemity  Mnlkil 
Colk-ge, 

Xrw  >  ork.  X  Y. 


OKM»r  I  Ml  !Ynn»\  I  vania  Htntr  Collin'- 

State  Colk-ge.  I'l-ntm. 
OEM«r-Hll  t  Miio  Stall1 1  nivemitv 

Rewarrh  Kixmdntkm 
fohim'n*.  Ohio 

OKMxr-lti’J  Ohio  Stall’  l‘niver<ity 

Rixearrh  Koimilntion 
Columbia-.  Ohio 
OKMxr-105  linlinria  I'nivemity 

ItliH.miiiKton,  Imliana 


arotlynin;  thi-  improvement  uf  detector  papem;  *he  tk’vekmment  t»f 
ilnti-rtofn,  primarily  of  thi*  nlttra  gel  type;  ami  all  nnnlytlml  proredwea 
whirh  ntnaikt  la-  r«atnitk>n<d  for  lit-kl  laltomtork<i«. 

Stmlkx  ami  experimental  invent  igatkmn  in  nmnerthm  with  thi-  pn-itaration 
of  organo-nrt  allir  moipoumln  of  ponaihk-  m-c  an  wi<a|Mina  of  war,  including 
flame  thntwr-m:  oripmo-nulmium,  phia-phorux,  ami  rhromium  rompoumln 
an  rhcmk-al  warfare  agentn;  organic  Itoritn-  ik-rivativen  amt  other  or- 
gann-mctallir  eompiaimln  to  affect  ailvemely  tin-  ennlnter  ingniltontn; 
fartom  affecting  thi-  ib-kl  ten-  of  rhemiral  warfare  agent x;  the  preparation 
ami  pro|n*rti'  of  non-votatik-  toxic  agentx  ami  the  nynthtxin  of  t hern- 
petit  ie  agentx  ami  intermetliatcn. 


Hturliea  ami  ex|n-rinaiitat  invent igationa  in  ctmm-etion  with  tin-  elfi-et  of 
vixirantn  on  the  enxymr  nvntem  of  the  nkin  ami  tin  relation  lo  patho- 
logieal  kxionn;  the  phamutrokigiral  efleetn  ttf  rhemiral  warfart-  agenln 
ami  their  artionn  on  entyme  nyntemn. 

Studkx  ami  ex|a-rimental  invent Igatkmn  in  ronnerthm  with  tht-  inolatkm  of 
tenor  enxymen  art«-«l  mi  by  vextrantn  and  other  anpertn  of  vixiennt- 
enxyme  rhemintry,  ami  the  invixtigation  ol  na-thmla  lor  the  deterthm 
ami  klentitirathm  of  war  gaaen,  ami  fartom  afferting  the  flekl  um-  of 
ehemieal  warfart-  agentn. 

The  mart  km  Irtwern  muntatd  gan  ami  decontaminating  agentn,  other 
rhemintry  of  thene  dmmtaminating  agnln,  and  the  uinrovrry  of  mm- 
eormnivr  ikrontaminantn  for  mwtard  gan;  the  removal  of  the  nxklual 
otlor  after  dextrurtion  of  murtard  gan  hv  weatheHng  or  liv  ik-eontamina* 
tknt:  tin-  nynthrxin  of  rertain  eompoundn  reqtnxteil  by  the  CM  11  anti 
CWS;  fartom  affrrting  the  lirld  in-  of  rhemiral  warfare  agentn,  ami  tho\ 
nvnthm*  ttf  therapetllie  intermediaten. 

Kttnlkx  ami  ex|n*rinn-ntaS  invent  igatkmn  in  ronmirtkm  with  the  pn-pnratkm 
of  not  kxx  than  nix  ami  not  more  than  twelve  hvtlmrarlnmn  unetl  in 
bit.neatkm  ntudkx,  tin-  ptc|mratkm  of  mm-ameniral  atnl  mm-anliinotiial 
ntemutatnm  atnl  unxaturatcd  toxle  agentn.  rertain  nvnthetir  pnnlirtn 
relatrd  to  Y,  ami  preparation  of  ramlklnt--  iltxcei  repelk-ntn. 

St  minx  ami exprrinn-ntn!  invent  Igat  ion*  in  ronm-rtion  with  the  ilevrkipmrnt 
of  a  text  for  muntard;  the  reartkmn  In-tween  pemintetil  ehemieal  agentn 
ami  eertain  inorgnnie  kmn;  ilycx  for  drtivtor  paint ;  nx’thndx  for  deteet  ing 
extremely  low  nKieeelnitiiHtx  of  enrlnm  moimxiik-;  looking  lownnl  tlie 
ik  vi  lopn-rn!  of  u  et  import  ximpk-  in«t  runntit  for  the  ileti-rtk»n  of  rarlnm 
tmmoxkk-  n<  ronei-ntrationx  of  0.00.V ;  or  kxx,  ami  fartom  affrrting  the 
field  um-  of  rIn-m'H-al  warfan-  agentn. 

Studk-xrml  experim'-ntal  invextigationx  in  ronm-rtion  with  the  romiiinatioii 
of  hakxp-natril  thkn-them  with  pmteinx  ami  other  tm-ur  nmx, itin-ntx;  to 
•h-termim-  how  mir  tanl  gax  combimx  with  protrinn  ami  nm-leoprotHiix; 
to  atti-mpt  to  dixrover  an  imnmnixation  agi-nt  agninxt  mimtanl  gan;  a 
nt.nlv  <if  tin-  Itiirhriiuxtry  of  the  art  km -if  tin- xillfiir r-nitnlnilig  vixirnetx. 

Stmlkx  ami  experimental  imnxtigatkmx  in  ronnertioo  with  tin-  |(re|aimtkm 
of  fl-ion «r„H>.mx  hv  ne-thmln  involving  tin-  «lin-et  fhinrinalinn  of  rnrlmn. 

Tin-  xvnttn-xix  of  extt-m  for  t*a-  tn  invextigation  of  itihriration,  and  the 
prepnratkm  of  eertnin  nitnap-n-eontnining  rhemiral  warfan-  agentx. 

Stmliix  ami  cx|n*ri  mental  invixt igntionx  in  ronneetion  with  tla-  pre|mmtion 
ot  flmir»rarlnm»  ami  a  at  inly  «f  tln-ir  proper!  kx. 

Stmlkx  am;  ex|n-rinraital  invixtigati.mx  in  room- lion  nitli  tin:  ayntlnxix 
of  nni’.pinmdx  related  to  unixhiol,  laeeol.  rln-nK'>l.  thitxjnl  and  other 
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Ctmlrnd 

StHthm 


OEMsr-209 

OEM*r-2H 

OKM*r~222 

OKM*r-*£l 


Cenimrim 


Wesleyan  Cnlvcrsitv 
Middletown,  Conn. 
(We  OKM*r-M2) 

(See  OKMf.r-.-m4) 

State  Cniverslty  of  Iowa 
I own  Ciiv,  Iowa 


OEMsr-237  Ownrll  University 
It  hum,  New  York 

OEMsr-27fl  (Sec  OEMn-flfB) 
OEMxr-^nft  University  of  Illinois 
Urtisna,  Illinois 


OEMsr-  301  Ohio  Wafa*  University 

Research  Foumlatinn 
C.dumhux,  Ohio 

OEMar-fllM  lTw  verm  tv  of  Wisconsin 
Mmlieon.  Wriosisin 


OEM*r-3i2  Cnlven.lt y  of  MWusiri 
<  'otumhiii,  M mm  tun 

OKM't  31.1  R.irkefellcr  Institute  for  - 
M.slirnl  R.is*arrh 
NewV-  k.  N.Y. 


OKMsr-319  University  of  Rochester 
R.rhestrr  New  York 


OKM«r  .t25  Cnllf.wnln  Institute  of 
Technology 
l’nsml.im,  <  'itlif. 

OKMsr-312  Johns  Hopkins  University 
Bnltinesv.  Mankind 

OKMsr-Wt  E.  I.  dill’ont  <le  Neimmr*  A  Co. 
Wilmington.  I VI. 

OKMsr-371  Purdue  Research  r.smdnti.s. 

Ubtrllr,  Indiana 


natuial  vesicant s;  the  preparation  of  amines  which  dimerixr  to  ehollis- 
like  derivatives;  the  preparation  of  highly  toxic  agent*. 

Studies  and  experimental  investigations  in  connection  with  the  synthesis 
of  compounds  related  to  urttshiol.  iaeetd  and  other  natural  vesicant*. 


Studies  ami  experinamtal  investigation"  in  ronttertion  with  the  pr.*pertic* 
of  nitnigcn  trirhloHde,  including  a  study  of  its  desensitlratiim;  prepara¬ 
tion  <f  varitais  intermediates  for  use  in  the  synthesis  of  expkisive*,  war 
gases,  and  prophylactic  agents;  the  preparation  of  various  war  gases, 
ami,  more  particularly,  a  study  of  1(170,  1130,  and  their  homologm**; 
conduct  a  study  of  fartors  affecting  the  held  use  of  chemical  warfare 
agents. 

Studies  ami  experimental  investigations  in  connection  with  the  preparation 
of  polyflu. winated  hydns-artsm*  amt  to  furnish  vari.sis  sample*  thereof 
for  evaluation  as  lubricants. 

Studies  and  experimental  investigations  in  connection  with  the  prefund  ion 
of  etui  sin  derivative  of  aniline,  and  tint  less  thsn  right  ami  wt  more  than 
f.Mrtren  suhstanres  specifically  agreed  upon;  stahiiiaation  and  stnragi*  of 
murianl  gas;  the  reaction  hetwee  t  mustard  gaa  and  decontaminating 
agents;  preparatiim  nf  a  variety  of  chemical  agents  containing  nitrogen, 
sulfur,  halogen  and  arsenic;  syr, thesis  of  therapeutic  intermediates;  the 
interpretation  nf  data  on  synthetic,  analytical  and  inorganic  problems 
including  protective  agents  and  fabrics. 

Studies  and  experimental  investigations  in  connection  with  the  develop* 
ment  <d  test  papifs  for  persistent  chemical  agents;  synthetic  Inorganic 
pmiiiems,  ami  the  development  of  proeedures  for  the  analysis  of  arscnl- 
rak 

The  preparation  of  a  hroavl  bromide  derivative  and  not  less  than .  ix  and 
not  more  than  twelve  other  eomtsauids  specifically  agreed  upon  hv  the 
rontractor  and  the  Ccsnmittee;  the  preparation  of  vsrks*.  synthetic 
comp. mods  rcquc»*“.|  fry  the  Armed  Services;  the  preparatiim  ami  utilixa- 
tkm  of  protective  and  tonic  agents;  a  study  of  dcrontamination,  ami  tho 
synthesis  of  therapeutic  intermediates. 

The  <k*t«rtiim  ami  analysis  nf  smokes 

Studinuand  experimental  inv«t>gsl*on*  in  e»mm*rtioo  with  tin*  action  of 
vesicants  <m  protein  nmstitumts  and  intrarellutaT  |imt’<Hi1.vtie  ctuvim*; 
chemistry  of  tls*  reactions  of  chemical  warfare  agents  with  s|**eial  refer¬ 
ence  to  the  reactions  with  the  functional  gnsi|x  eliaraeteristic  of 
living  tfcwues. 

St u. lies  and  preliminary  investigations  in  connection  with  a  method  for  the 
detiTii<  n  of  Compmind  1 120;  methmls  for  tho  detccthm  of  els*niieal 
warfare  agents  and  the  development  of  new  arsenical  deteetom  suitable 
for  use  <m  silica  gel  am!  in  papi’rs  and  factors  afferting  the  liehl  im-  of 
chemical  snrfnre  ngrnts. 

Studies  ami  experimental  investigations  im  a  systematie  analysis  of 
chctniml  warfare  agents,  and  tin*  development  of  practical  ns-'liod*  for 
their  us.*;  the  factors  affecting  the  field  use  of  rhemiraS  warfnn*  agent*. 

Studio  ami  experimental  investigati'tna  in  connection  with  the  preparation 
of  flmwM'nrisms  by  metlwals  involving  the  direct  ffuorirmtion  of  rnrlsni 
ami  the  ffunrination  of  hydwrnrbons. 

Stmlie*  ami  experimental  investigations  in  emmection  with  tie*  Minding 
.if  deterioratiim.in  certain  types  of  impregnated  fabric*;  development  of 
perm,  id  dr  gas-fmitecrive  fsliries. 

Studs*,  ami  exp  rins  nlsl  invest igntiun*  in  eimi.ieti.si  with  tls*  reaction  of 
nitmgrn  tetroxhlc  with  olefine. 
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OEMw-372  Univeixity  (if  Minnexota 
Minm*npolix.  Minn, 


OEMxr-374  (S re  OEM*r-7l5) 

OEMxr-tl75  K.  !.  iluINmt  dc  Nemmirx  *  Co. 
Wilminaton,  Di'l. 

OEMxr-377  E.  !.  duINmt  dc  Xcimmrx  k  Co. 
WitnmiRtiMi.  rvi. 

OEM*r-3!>4  Univeixity  of  Chicaa" 

Chicaao.  III. 

OEMxr~M4  RirkMf  Institute  for 
Medical  Rexenreh 
New  York,  X.  Y. 


OEMxr-4%)  Enxttnan  Kodak  Co. 

Rnrhexter,  X.  Y. 

OEMxr-IW  Univerxity  of  <  ’alifomia 
Berkekw,  California 
OEMxr—KKI  Cniverxitv  of  llliinns 
Crlmim,  III. 

OEM*r-M2  John*  llopkinx  Univerxity 
Bnltiimin*.  Mttrylttixl 


OEMxr-.’Mfl  E.  I.  diiRont  ik*  Xctmaitx  k  Co. 
WilmiiiRtoii.  IVI. 

OEMxr-JWW  New  York  Univerxity 
New  York.  X.  Y. 


OKMrr  -.VKI  Rolim  iuhI  1 1  iuix  Cniit|xtiiy,  Inc. 

'iii  W.-xl  Wndtiiieton  Sipinn* 
l*inl:t<l«'i|ihi:i .  IVinia. 

OKMxr  .HU  (See  OKM»r  :Ml»i 
OKM«r  *>7I  K.  I.  ilul’otit  ilc  Xemoiirx  <V  i*o. 
Wilminalmi.  IVI 


OKM«r  RoIhii  nii.1  I  Ian-  <  'oiii|>nm .  I  tie. 

'J -2  U'ext  \V.-i ijn ttt < m  Square 
t*tlll>llll  Iflllltl .  I’etllltl. 


Studicx  ami  experimental  invent  laat  kina  In  connection  with  hydmcnrlxmx 
uxnl  In  lutiriention  xtudkw,  etc. ;  the  preparation  of  certain  nmlilo  nun* 
pouml*  for  iw  In  ronnortiiHi  with  the  xynthcxlx  of  new  impreanitex; 
a  xtixlv  of  phot  o-oxk  lex;  the  preporation  of  variotH  ilerivativex  of 
aerylotiitrik*.  ami  the  pntMmtion  of  camliiLtte  inxeet  rcpollciitx. 

Studies  ami  experimental  inwxtiRation*  in  connection  with  x|x*elnl  fabric* 
for  protection  aitainxt  chemical  warfare  aRcnt*. 

Studies  ami  experimental  invextiaationx  in  connection  with  the  pn>|Mrntion 
of  IJTH  ami  related  romponmlx;  preparation  of  BAI,  ami  related  pro- 
tective  ami  tlierapeutie  acentx  for  war  annex. 

The  preparation  of  certain  nit roRen-contninina  ehemieal  warfan*  aaentx 
and  antivexieant  aaentx;  the  decomposition  of  diphoxRcne  into  plmxai'm*; 
tlx-  pn*ttamtii»;  of  pli.op'ioriix  at.d  arm'll ie  annloax  of  pyriililH'. 

Studicx  ami  ex]R‘rinM‘ntal  invrxttaationxin  connect  ion  wit  hthedcvrlnpment 
of  an  aecnrate  nxdhixl  for  the  application  of  rhcmlrnl  warfare  ami  thera¬ 
peutic  aaentx  to  the  xkin:  ttx*  ik*Rtre  ami  tlie  mrchanixm  of  the  vexirnnt 
action  of  mudanl  ami  P'lated  aaentx,  ami  a  xtudy  of  fartom  alfertina  the 
fii'kl  uxr  of  ehem'-al  warfare  naents. 

Studies  aixl  experitm'ntal  invextiaationx  in  connection  with  tlie  ilevelop- 
ment  of  special  falirirx  for  protection  aaainxt  ehemieal  warfare  naentx. 

Stmliex  ami  experimental  invextiaationx  in  connection  with  a  ladioRraphir 
evnluatiiMi  of  xkin  xiTtionx. 

A  xtmly  of  aromatic  fluorine  compound*. 

Stmliex  and  cxpcrim<*ntnl  invextiaationx  In  eonnection  with  the  nxehanixm 
of  action  of  vexieantx  on  the  ehemieal  conxtituentx  of  tlxxiwx;  a  xtmly  of 
♦hr*  hydmtyxix  of  war  aaxrn  in  the  U«|umI  phaxe  and  of  other  related 
phvxiral  chemical  ptopertiex;  mrnsurrmrntx  of  reaction,  xoluhilitiex, 
ami  other  pmpcrtxx  Ix-nrina  on  the  action  ami  penetration  of  ehemieal 
warfare  aaentx. 

Stmliex  and  experimental  invent igatiixix  in  connection  with  tin*  pnxlnrtion 
o'  ehemieal  warfan-  aaentx  from  ok-flnx  ant!  other  unxatiirateil  eom- 
Ixatmlx;  synthesis  of  chemical  warfan-  toxic  and  vexirnnt  aaentx.  . 

Stmliex  and  experimental  invextiaationx  in  eonnertion  with  the  pharma* 
rnloRy  of  Pt7tt  and  allkal  eomptaimlx;  pharmiicolnay  ami  |Kitlio|oay  mid 
factory  nffertmR  tlx*  field  uxe  of  ehemirnl  wnrfaie  .iK'iil-;  con.-tilt.at  ton 
with  |x*rxon*  eminent  in  their  n*s|xvtivc  lick  I-  of  emlenvor  in  nmnretkin 
w  ith  a  survey  of  tlx*  |x»~ili<litirx  ami  tlx*  formula!  i-m  of  plam*  for  further* 
ilia  the  pmarexx  of  medicine  Hint  related  xeieneex. 

Stmliex  ami  exp*rinr*ntal  invextiaati  mx  in  e  mwetimi  with  evaluntina  thi* 
cfliciincy  of  fatiriex  impn*anatnl  with  ix*rtain  nmterialx  aaainxt  vnrionx 
ehenneat  aaentx.  involvmc  Inth  naiUm*  leOma  and  ik*velopnx*nt  of  im*w, 
improved  m  iti  x|x  <>r  text jna. 

Stmliex  and  ex|r*riim*ntal  invextieatiiaw  in  emm*etion  with  new  nx'tlnxlx 
for  xynthexixina  iiitr.ia«*n-e-intainina  vexieantx  ami  of  aaentx  for  iiffix-t  inR 
eve*:  tlx-  pr.-ieiratioti  of  variixix  alkmiolaminex  liy  prinnlnax  wliirh  do 
not  nx|tiitv  tlx*  ttx*  of  the  eurnyp-mtlin*  alkvleii"  oxiilex  mid  to  make 
-»x-h  -nrvevx  of  tlx*  prix*exx  ax  iimv  tx*  mx*di*d  to  determim*  tlx*  eiiliiliM*r- 
eial  fi-a-ihility  of  tlwxe  iix  thmlx. 

Stmliex  ami  experimental  iitve»tianli»tix  in  «nnm*efioti  with  r. ** ur<  li  mid 
develo|HiHait  on  |x*nix*nhk*  pmteetive  elothina  eoiilainma  nlixorlxntx; 
|m|«iralHxi  of  imim-atmled  fnliriex.  txirtieiitnrlv  I  lew  iinpnximtixl  liv 
:e*tivn»«xl < arli oi. ami  loolitnin xilitnlile Inmler-  for  retninina tin* earteoi, 
in  an  aelivatixl  •"imlitinti,  in  tin*  elolti;  ilevelopim'lit  mnl  li-lina  of 
tx  irwihle  fatiriex  dexianed  to  pnwiite  pniteet ,<oi  aaail.-t  vexiemit 
elx*mi»*al  .laetit-. 
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COXTJIACT  Xt'MHKRS,  COXTR.UTORS,  AXI»  StlUIXTS  OF  CONTRACTS  (r.mliwml) 


<  'imlnul 

’  Sxmbrrt  Cmttmrtnr 

OKM»r-.VW  K.  I.  dul’ont  de  Nemours  A  Co. 
Wilmington,  Del. 


OEMsr-SWl  Imvrrsity  -M  Illinois 
Crtwna.  It!. 


OFMkMW  Cnivemity  of  Illinoin 
I'rlmim,  III. 

OEMur-MI  Commercial  Sulvinh  Cmrp. 

Tern-  Haute,  Ind. 


OEM«r-A55  E.  I.  duTont  dr  Xcmnur*  A  Co. 
Wilmington,  M. 

OEMw-WH  E.  I.  dul’ont  <lo  Xemours  A  Co. 
Wilmington.  Del. 


OKMur-flTO  l/xxl*  and  Xnrthmp  Co. 

Hull  Stent  oh  Avixiur 
Philadelphia,  I'ltiiu. 
OKM*r-Wt  Arnold  <1.  Ilrrkmiin 

Smith  Pasadena.  Calif. 


OKM*r-tW1  John*  Hopkins  I'niwnity 
llnltimorv,  Maryland 

OKM«r  i*B  Washington  I’niversitv 
St.  l/mi*.  Missouri 

OEM«r-7ltt  California  Institute  of 
Tcrhnol.igy 
Pasadena,  Calif. 

OKM.*r-714  I  .ml*  mid  Xorthmp  Company 
Hill  Stititmi  Avenue 
Philwlriphia,  I’ettria. 


ffttbjrrt 

Studio*  and  experimental  investigation*  in  eonnccthm  with  tho  decnn- ' 
lamination  of  painted  aurface*  which  haw  I  iron  exp  wed  to  chemical 
warfare  agent*:  the  development  of  new  moan*  for  derntitamltiMIng 
inanimate  object*  whleh  haw  la>on  rontaminatrd  with  rhomira!  warfare 
agent*.  including  moan*  for  decontaminating  protective  clothing  con- 
taining  activated  carl*m. 

Studio*  and  experimental  investigation*  in  connection  with  tho  develop¬ 
ment  of  method*  of  anatvai*  ami  doteethm  of  ehemieal  warfare  agent*  in 
water  and  method*  for  their  removal  or  noutraliaation;  the  construction 
and  operation  of  a  pilot  plant  for  the  pun*we  of  determining  the  appli- 
raldlity  of  purification  reaction*  under  practical  condition*;  the  develop¬ 
ment  of  method*  for  the  quantitative  determination  of  antivmirant*  in 
fabric*;  the  design  of  two  type*  of  firkl  kit*  for  tho  detertion  ami  identi- 
Brat  inn  of  toxic  agent*  in  water  supply ;  i*oh»t  ion  of  product*  of  hydrolysis 
of  toxic  agent*  ami  of  product*  olriaincd  up  hi  the  aihlithm  of  dceontam- 
inating  agent*;  factor*  affecting  the  fiekl  u*e  of  ehemieal  warfare  agent*; 
the  *ynthr*i*  of  therapeutic  intermediate*  and  a  *tmly  of  the  mctaholi*m 
of  antimalarial*.  •*- 

Studio*  and  experimental  investigation*  in  connection  with  the  preparation 
of  homn  compounds  nf  pn**ihle  u*e  as  chemical  warfare  agent*;  the 
resolution  of  BAI* 

Studio*  ami  experimental  ■  imtrgattnna  in  connection  with  the  develop¬ 
ment  of  processes  for  the  prxxlurtion  of  a  certain  chemical  compound 
known  a*  S-4UI  ami  specially  the  imtaliathm  of  a  pilot  plant  for  *uch 
manufacture;  the  experimental  operation  nf  such  pilot  plant  and  the 
production  of  at  least  I f),nnn  pound*  nf  8-4(11;  a  study  of  method*  of  im¬ 
proving  such  manufacture,  and  the  development  of  method*  for  the  prep¬ 
aration  of  diacrtyl  and  related  compound*  including  their  chlorination. 

Studies  and  experimental  investigations  in  connection  with  processes  for 
the  production  of  imprcgniti*. 

Studio*  and  experimental  investigations  in  connection  with  the  preparation 
of  raw  material*  for  v!a>mie*l  warfare  agent*,  and  mom  particularly  a 
sillily  of  tho  preparation  of  arsenic  trichloride  ladng  IK  "I  a*  a  source  of 
chlorine,  ami  the  crrrtion  and  operation  of  an  A*CU  pilot  plant  using  the 
hvdrogen  rhkiride  prnre**;  the  lameficiation  of  arsenic  ores  a*  a  source  of  , 
arsenic  chloride;  the  preparation  of  sulphur  rhkiride  withmit  the  ire  of 
elemental  rhlorinc^thr  imsluction  «*f  tliimivl  chloride;  1  lie,  stabilization 
of  sulphur  trioxidn;  studies  on  a  modified  process  for  the  preparation  of 
AsCh  from  erode  AsjOi  ami  sulfur  monorhkiride;  the  cimtoshhi  of  metals 
hv  ehemieal  warfare  agents. 

Studies  ami  experimental  invest igstion*  in  eonnretion  with  the  develop¬ 
ment  of  a  direct -indicating  carbon  momrxklr  instrument. 

Stmlie*  and  experimental  investigations  in  connection  with  the  develop¬ 
ment  of  a  rarism  monoxide-indicating  instrument  for  low  roneentrstion* 
of  rarism  monoxide  in  air:  development  of  imlirating  instruments  for 
determining  low  concentration*  of  noxious  gases  in  air. 

Stmlie*  ami  experimental  investigations  in  connection  with  the  prr|i*ratioti 
of  '•  W"  in  variom*  forms  so  that  supplies  will  !*•  available  fur  ti-st 
r  poses. 

Stmlie*  ami  expi-rimental  investigation*  ie  ronmetioi.  with  the  extrartion 
of  natural  pnslnets. 

Studies  ami  experimental  investigation*  in  roimeetii  n  with  th«'  develop¬ 
ment  of  a  spertrophotometrie  rarism  monoxide-indicating  instrument 
using  hrmoglutrin. 

Stmlie*  nml  experinsmtnl  invest igathms  in  connection  with  the  drvrlnp- 
ment  of  imslel  apparatus  for  quantitative  <|eterminat «m  of  imprvgnitr* 
in  e*’Hbing*offut  -tsmUnlixsi hm  test*  can  !*•  made,  ami  to  ron*irort  a 
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('imtriiiinr 


OEM*r-7lfl  I’nivemity  of  Maryland 
Colli  Hi'  Park,  Maryland 


OEM*r-720  WiHMiiuirkrt  Rayon  Company 
Woonsocket,  R.  I. 


OEMsr-742  Morrk  k  Co.,  Inc. 

Rahway,  Now  Jorsov 


OEMsr-7.r>0  Merck  *  <  *o.,  !nr. 

Rahway,  Now  Jemcy 

OEMnr-75.1  California  Institute 
of  Tcrhnotogy 
Pasadena,  Calif. 

OEMnr-7i*l  K.  I.  liulVmt  <k>  Nemours  k  Co. 
Wilmington,  Dol. 


OEM«r-7(ll  E.  I.  duPont  <!<•  Nommin*  k  Co. 
Wilmington,  I VI. 

OEMnr-770  Kondal  Company 
Wal|Mth>,  Maim. 


OXM*r-M3  I***  l*  and  Northrop 

Philadelphia,  I’onna. 


OEM*r-83l  Kastman  K<«V<  f'nmpnnv 
Roehe*ter,  N.  Y. 

OKMsr-Ktt  Purdue  Rrsearrh  Foundation 
Isdnvetto.  Ind. 
OKM«r-W2  Comrli  I'nivcmity 
Ithara,  Now  York 

OEM*r-S43  IVootor  k  <  «nmhte  ( *o. 

Ivorydak*,  t  >hio 


<  >KM»r  4M3  Monsanto  (  Vmiml  <  'nmpanv 

Phosphate  Ih.ixion 
Anniston,  Alabama 


Snbjfti 

suffieient  numlirr  of  unit*  of  a  selected  *att*fnctnry  model  to  ilotorii'lno 
roprodnoiliility  of  result*  ohtainalile. 

Studios  and  experimental  investigation*  in  ronneot  hm  with  Improvement*  in 
tho  preparation  ami  handling of  ignitrm  for  Incendiary  ImiiiiIm;  the  prep* 
aration  of  ri-ngi-nt*  for  the  detertion  of  arscnienl*,  ami  the  development 
of  method*  for  the  detertion  of  (luorinewontainiiiK  oompouml*. 

Studio*  and  experimental  invent iKatlon*  in  mnncction  with  method*  for 
inoorporatinR  activated  rarlam  into  rayon  filnr*.  or,  more  partirularly, 
t  ho  dispersion  of  art  ivated  rarlatn  in  visetwe  prior  tospinnlng,  and  related 
pmhlcrtw. 

Studies  and  experimental  invcHtigationnin  ronneot  ion  with  the  development 
of  processes  for  tho  production,  cm  a  pilot  plant  scale,  of  henxil  and 
derivative*,  or  *urh  mm  pound*  a*  are  required  for  tho  preparation  of 
impretnite*;  tlie  development  of  a  proeen*  *u  it  able  for  the  lance  nrale 
produrtiem  of  rhlowamklc  8*130,  or  *urh  rompcNiml*  a*  an*  required  fear 
the  preparation  of  impretnite*. 

Studio*  and  experimental  inve*titationK  in  connection  with  the  preparation 
and  tnctint  of  aulwtanre*  to  lie  u*rd  a*  neutralixint  or  thcra|**ntic  agent* 
f'w  mustard  Imm*. 

Studio*  and  experimental  in  vent  i  tat  ion*  in  connection  with  the  ile termina¬ 
tion,  hy  eteetnm  diffraction,  of  the  molerularMtrurture  of  eliemical  war¬ 
fare  agent*. 

Studio*  and  experimental  inve*tl||atiotw  In  connection  with  the  develop¬ 
ment  of  a  pmrrm  for  the  preparation  of  HAI*  and  to  equip,  in*lall,  and 
operate  a  pilot  plant  whirh  will  yield  20  Ralkrn*  of  the  finished  mate¬ 
rial. 

A  chemical  ntudy  of  certain  atop*  involved  In  tho  *ynthc*i*  of  a  certain 
chemical  warfare  agent;  an  engineering  *tudy  looking  toward  it*  com¬ 
mercial  production,  ami  a  *tud,v  of  it*  utahility  and  utoragc. 

Studie*  amt  experimental  invent igalion*  in  mnnertlon  with  the  develop¬ 
ment  of  agent*  ami  method*  for  Mmllng  artlvnted  rarhim  to  cloth;  a 
ntud.v  of  the  prepamthm  of  fahrle*  mated  with  aetivnted  carbon,  and 
i<  search  on  the  evaluation  of  the  fabric*  produced. 

Htudie*  ami  experimental  invc*tigation*  In  connection  with  the  develop* 
mrnt  ami  con*t ruction  of  an  automatically  recording  potent  l<  oneiric 
apparatus  for  the  determination  of  the  amount  of  rhcmicnl  warfare  iip'iil* 
in  air  at  low  rmwentratjon*. 

Studie*  and  experimental  invent igatkm*  in  eonnrethm  with  the  preparation 
of  200  pound*  of  E.D.  l*y  the  lead  tetraethyl  pwrc**  worked  out  hy 
Kharasrh.  ; 

Studie*  ami  experimental  invent igathm*  in  eonnertion  with  the  preparation 
of  thindigiyeol  muntard. 

Stmlie*  ami  experimental  invent  igathm*  m  nmnertion  with  micniM-opic 
identification  of  r  hen  deal  wartarr  agent*  ami  their  derivative*. 

Studie*  ami  experimental  inventigathm*  in  ctmncctitm  with  the  nemi-wnrk* 
pmdiirlhm  nf  *‘W”  and,  near  partirularly,  mcth«*l*  of  isolating  and 
concent  rating  “W"  from  "ffir  and  the  ultimate  preparation,  if 
piMjldc,  of  al**tt  om  humlnsl  pouml*  of  "W";  ttn*pamtion  of  finely 
divided  **W*',  either  hy  grinding  or  direct  precipitation.  which  will  l*» 
*uital4e  for  djnprmion  from  munition*:  ami  engineering  studio*  on  Inith  a 
(ahnmtnry  ami  pilnt  plant  nrale  to  rcmler  practical  do  the  u*c  of  com- 
mcreially  nvnilaidc  cantor  lawn  pomace  for  the  prod  u-tion  of  "  W  on  a 
large  nrak*. 

A  study  <if  organir  derivative*  «>f  ptswphont*  and  prc|uimtion  of  five 
hundred  pmimi*  each  of  dimethyl  ami  dii*opnipyl  ffuorophosphnto*, 
methyl  fluomaci-tntc  ami  flu<  soot  Hanoi;  eondnet  a  *tu«ly  of  latmmtory 
ami  pilot  plant  procedures  for  the  preparation  of  certain  volatile  and  non¬ 
volatile  chemical  warfare  agent*. 
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CONTRACT  NTMBERfl,  CONTRACTORS.  AND  SUIUKCfS  OK  CONTRACTS  ((WMl 


Caainui 

Sxmhtrt  C imtmrtor  Suhjrrl 


OEMar-RS8  Mrrrk  A  Co.,  Inc. 

Rahway,  New  Jewry 

OEMnr-iW"  AHant  Chemical  ft  pyc  Corp. 

Xiriiottal  Aniline  DivMim 
Nr*-  York,  N.  Y. 

OEMur-SM  Jo*.  Bancroft  A  Son*  ('». 

WitminRton,  !>•!. 

OEMrr-nOI  fohimlda  I'nivcraity 
New  York,  X.  Y. 

OEM*r-fllO  Caar  School  of  Applied  Srlrnrr 
( 'Icvclntxl,  Ohio 


OKMar-OM  Shell  Development  Company 
1(10  Buah  St  net 
San  Kmnriwo,  Calif. 


OEMar-tKW  K.  1.  dulhmt  «le  Xrmnura  ft  Co. 
Wilminaton,  Del. 

OEMur-ltW  Savkn  Kinieltina  Manta,  Inc. 
Snylravilk*.  R.  1. 

OKMrr-M'J  Ixariainna  State  Cnivrraity 

Axrintiturnl  awl  Mechanic* 
t  'olkite 

Baton  Route,  la. 

OEMar-lOOtl  I’niver-ity  of  Maryland 

.  <5olle|p‘  Dark,  Maryland 
OKMdf-HliW  Near  York  I'nivcndtv 
New  York,  N  V.* 


OKMrr-IOMII  E.  I.  dlll’ont  dc  Xemoiir*  ft  Co. 
WilinitiKtoii,  Del. 

OKM«r-  limit  E.  I.  dlll’ont  «le  Woe  air*  ft  Co. 
WiiminctiHi.  IJel. 


OEM«r-10!r»  I'liivi-mity  of  Mima-aotn 
Mima  a|aili*.  Minn. 

OKM*r  total  American  Cynnanikl  Coiii|tu:> 
New  Y«rk,  N.  Y. 

OKMrr  1 12 1  Men-h  ft  4  Ine. 

Ridm.av.  New  Jifary 


Studied  and  experimental  inveatiRationa  in  connection  with  the  prt‘|mration 
of  2IS  to  fin  pounda  of  V. 

Stwlie*  and  experimental  invent igathma  in  connect  ion  with  the  nitroaatlon 
of  methyl  ethyl  ketone  ami  the  preparation  of  rrrtnin  xprcllicd  CVV 
aftenta,  ami  the  tcatinR  of  tin*  lalaimtory  rcault  a  by  n{>pn»dmide)y  twenty 
pilot  plant  triala. 

Studied  and  experimental  inveatiRationa  in  nmiHctlon  with  the  dcvclo|>* 
mrnt  of  a  method,  for  uac  «m  a  plant  aeale,  for  the  iinpn*Rn.dion  of  fnhrie 
with  aetivatetl  earhon. 

Conduct  immtmoehemlral  atudk<a. 

Studied  ami  experimental  InveatiRationa  in  eonneethm  with  tla*  detection 
of  eliemiral  warfare  nRcnta  in  water  ami  nwlhod*  for  their  removal; 
operation  of  a  email  water  plant  to  atudy  the  rffrrtivrnraa  of  propiMxl 
proredurva;  dcaiRn  of  two  typed  of  fa  Id  kita  for  the  detection  anditk'nti* 
Beat  ion  of  toxic  afenta  in  water  aupplv ;  imitation  of  pnidurta  of  hydntlyaia 
of  toxic  aftrnta  and  of  product*  olitained  upon  the  aiMitiim  of  decontam* 
inntiiiR  amenta. 

Studied  and  experimental  inveatiRationa  in  mnincrtion  with  the  develop* 
moot  of  a  pmeeaa  for  the  production  of  diaeetyl  iliurei.le  by  elTertinR  the 
vapor  phaae  catalytic  oxklation  of  methyl  ethyl  ketone  to  diaeetyl  In  tlie 
pnwcnce  of  a  eatalyat  rompriainR  euproua  oxkle,  ami  react  inR  the  reault* 
inR  diaeetyl  with  urea  in  the  pn<aenee  of  an  arid,  ami  raprrially  ( t )  the 
ioatallation  of  a  pilot  plant  for  airh  atudiea,  (2)  the  experimental  oj»*ra* 
tion  of  aueh  pikK  plant,  and  (.1)  a  at  inly  of  the  met  tank  of  (m|inivinRaueh 
manufaeturr. 

Studied  ami  experimental  inveatiRationa  in  connection  with  the  preparation 
of  fitn  poumk  «f  cthyldirhlnruarainn  hy  an  improved  prwea. 

Stwliea  and  experimental  InveatiRationa  In  connection  with  the  develop* 
na  id  of  metiaala  for  pmdurinR,  on  a  plant  aeale,  pema'alik?  |niitectlvo 
fahrir  nmtaininR  activated  eartarn. 

Stmliea  and  rx^rimnnUi  inveatiRationa  In  rooneetion  with  the  detection 
of  rhemiral  warfare  affenta  in  water  ami  method*  for  their  removal. 


Stmliea  ami  experimental  invent  iRntiima  in  eonneetion  with  the  preparation 
of  nomirritant  antHtaa  ointmenta. 

Stmlie*  ami  fxt«*riim*ntal  inveatiRatimia  in  i*nniM*rtinn  with  cellular  and 
intr»e|,l|iilar  eim*titmnta  with  the  olijert  of  rlueklntiiiR  tin*  ehalipa  fn  ' 
phyairnl  rhemiral  propertan  id  alleh  i-onotitm*nta  mworintml  with  the 
artnai  of  ela'iniral  warfare  CRent*:  the  rnmpiaiitinn  ami  fractionation  of 
rrmlr  tV. 

IVrforai  naiaiiltinR  work  in  rotiiartiiai  with  the  prrpnmtinn  of  tt  in  a  finely 
diviileil  form  aiiitalde  for  diap*r*ioii  aa  an  nrnMiil  ami  naiilm-t  lalaimtory 
teat*  on  aampka  of  tV  at||>ptiril  to  the  ( *oi, tractor  for  that  purpiim*. 

Stmliea  ami  experimental  invcatiRetiooa  in  mnnrrlinn  with  tla*  |in*|mmtiiin 
id  ethniaalithiol  tonkin*  toward  tile  development  id  Ml  eeonomintl  »ml 
imu-tiral  im'tlaal  which  will  liave  |awailiititiea  for  enlarRi'im'iit  to  full 
plant  ai-itk'.  Tla-  work  ia  <-x|*rtcd  to  involve  tla-  |tre|wnit ion  id  certain 
i|uantitiea  id  rtknnrdithiot.  whieb.  it  ia  eat  minted,  will  la*  I.VKI  to  ‘MU 
pomat*. 

Stmliea  ami  ex|a'riim*ntnl  inveatiRationa  in  mnnertinn  with  tla*  acnaitivilic*, 
atnliilitim.  ami  naalifieatioii*  of  n*nRi'id*  •  ilrti-etnr  kita  lent  liy  I  hi 
Army  ami  Navy,  and  net,'  tyja*»  id  ilrf  return  for  tla*  kita  or  for  oilier  in*. 

Stmliea  ami  cxpcnna-ntnl  lnvi**t it.it iona  in  l■olllll'etiol|  with  |Im-  pn>|ainiti*ni 
id  m*w  type  rlilomnniiilea  on  n  iwlairaton  aeale. 

Stmliro  ami  experimental  inve*tiRntion*  in  ronmvt  imi  with  tla-  pn-ptini*i*,t* 
id  non-volatile  rla-mienl  wnrfm-  »K>-nt*>. 
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CONTRACT  NTMHFRS,  CONTRACTORS,  AND  SIIUIXTS  OF  CONTRACTS  (Cmtiniinl) 


Coiilmrt 

Sumbrrt 


OEMrr-1  ;«r  M*mranto  <  'hemical  Company 
Ht.  Driir.  Mix  .Dirt 
OEMnr-1280  Vanderbilt  Cnivemity 
Xrrhville,  Tenn. 


OEMrr-1282  Motion  Picture  Engineering  C'orp. 
’tW»CuHom  Street 
Chiergn.  III. 

OEMrr-l.llB  Cnivemity  of  Maryland 

Oillrgr  Park,  Maryland 

OEMur-IBM  Harvard  Cnivemity 
Cambridge,  Mm. 

OEMrr-I.W  Ohio  State  Cnivemity 

Rerearrh  Foundation 
Crtumlr**,  Ohio 

OEMht-I:«7  Ameri*rui  Viaowe  Corporation 
Wilmington,  IW. 


OEM'r-l.'MO  E.  I.  duPont  do  Nemnum  k  (Jo. 
Wilmington,  IW. 

OEM«p-WB2  E.  I.  duhmt  do  Nemnum  k  Co. 
Wilmington,  IW. 

OEMrr-1383  Remington  Amu  Company,  I  nr. 
Bridgeport,  Conn. 

OEMrr-l-WW  Cnivemity  of  Pittrhurgh 
Pittrtnirgh.  Pa. 


~~  .. .  $nbjrH-  1T  > 

Studio*  and  experimental  invert  igat  km*  In  eonnectkm  with  thr  preparation 
of  turn. 

Studio*  ami  experimental  Invertlgntlnnr  in  r*mncctkm  with  the  Incorpora¬ 
tion  of  toxic  rompoundr  with  rcrinr  and  other  material)*  in  order  to  im¬ 
prove  their  effect  i  vrnrar  ar  warfare  agentr :  the  preparation  of  toxic  agentr 
and  ayntheaia  of  antimalariala  anti  their  intermediate*. 

Prepan*  working  drawime*  tif  the  ta|ie  reeonk*r,  <k*veto|a*d  umk*r  Contrort . 
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fractionating  devierx,  201  202 
•uimmury.  285 

Gance,  war 
err  War  gaum 

Gaeoiine  adjuvant*  for  ncmpulsc  mo¬ 
tors,  030  040 

GaMiline  conflagration*,  303-307 
animal  eX|«*uire,  culnnmv  and 
respiratory,  3tM  300 
laiming  oxiteriniont*,  303 
cutaneous  cx|*isun>,  300 
flame  thrower  attacks,  probable 
temperature,  304 
rrsitiratory  ex|eimire,  300 
r  imary,  300-307 
temperatures,  304 

Gamline  fume*,  toxicity,  383 

Gaming  eliainlirre,  278-285 
200-liter  medium  flow,  280  281 
400-liter  Stamford  eli.imlier,  280 
42!*-litcr  glam-lined  ehamtier,  281 
880-liter  rliamla-r,  280 
ex|iki«ion  chamls’.-,  284 
Great  latkc*  nutn-cli.milsT,  282-283 
laerimntor  eham'ier,  2*2 
nikvoliiio,  283 

nereening  *moke  rtmmlicr,  281  282 


Mtetke  eluimtier,  283 
wind  tunnel,  281-285 
Gaming  eha  mists,  design  factor*,  278- 
280 

air  flow  mca*itring  equipment,  270 
chandler  equilibration  time,  278 
disfirrsnl  of  gn*  from  ehamtirr,  285- 
280 

nitration  of  efflttent,  270 
flow  of  air  through  ehamtier,  278 
introduction  of  animal*  into  elmm- 
lier,  270-280 

temperature  and  humnlity  control, 
280 

varialde*  affecting  chandler  condi¬ 
tion*,  278 

Gaming  ehamtier*,  di*|a*r*nl  into,  285- 
202 

concentric  atomixei*,  280-200 
design  imililem,  2711-280 
electrical  atomizers,  201 
fractionating  device*,  201  -202 
impinging  atomizers,  200-201 
Gastric  secret  inn*  effected  liy  (d-chloro- 
ethvl)  sulfslr,  447 
Glycolysis,  anaerobic,  500 
Gold  ehtomle-lienzUllne  colorimetric 
determination  of  mustard  gas, 
004 

Gnnt  and  Lewis*  theory  of  histamine 
relense  in  entnnrrai*  injury,  485- 
480 

Great  Ijike*  matt-chamhrr,  282-283 
Gnsind  euntaminatsm  by  lewisite,  03 
Guthrie  |tmrr*s  for  mustard  gas,  30 

II  war  gas 
sre  Mustard  gn* 

Half  life  id  aerosol,  20*1 
Halogen  fluorine  rejitaermciit,  031 
Hll  process  for  mustard  gas,  32 
lllil)  process  for  mustard  gas,  32 
HGIl  process  for  mustard  gas,  32 
‘‘Heat  rapacity", 307 
Heat  exposure  msualties,  303-381 
rirrulnloey  failure  ami  death,  368- 
381 

eutaneisi*  (aims,  338-350 
eutanemi*  ex|swure  to  hot  nir  and 
radiant  heat,  354-302 
gasoline  OHiflagrations,  3113-307 
(lent  transfer  and  thermal  injury’, 
-  307  320 

hyperpolnsermia,  302-308 
physical  ami  rhrmien!  change*  in 
tissue,  .350-354 
respiratory  damage,  320-325 
skin,  human  vs.  porcine,  325-32!! 
Hent  transfer  to  skin,  307-320 
calorie  uptake  of  skin,  310 
eakirie  uptake  rate  of  skin,  308 


rondurtioii,  30S  300 
ci  invert  ion,  308 

derttMl*fnt  interface  temprratiin^ 

time  dctMttdcucr,  317-318  * 

epidermal  termperoture  when  skin  Is 
immediately  brought  to  *|ieoifie 
hent,  318-3111 

e|>iilemml  teni|s>mlure  wlien  ski.i  is 
surroumled  by  lient,  310-320 
flow  of  lient  through  skin,  300-310 
heat  enimeity,  307-308, 315 
"in  vivo"  factor,  skin  tcm|irmturr 
as  time  function,  30!) 
nature  of  heat,  307 
radiation,  308 

steady-state  vs.  unsteady  state  con- 
duetim,  308-300 
summary,  320 

tliermal  conductivity  of  animal  tis¬ 
sues,  315 

tliermal  conductivity  of  pig  tissues, 
315-310 

Heat  transfer  to  skin,  assessing  appa¬ 
ratus,  310-315 

energy  recording  ap|ilicntor,  auto¬ 
matic,  311-313 
heat  cn|s»rlty  apparatus,  810 
thermoaNiple  for  measuring  surfaM- 
skin  tein|*-m lures,  314-315 
thermoasiplr  for  measuring  temper¬ 
atures  Ismeath  ex|xmirr,  313- 
314 

Hemagglutination  test  for  ricin,  107, 
200 

Hemogiiiiiin  destruction  by  arsim*,  07 
08 

Hemogloliin  reaction  with  cnilmn  mon¬ 
oxide,  022 

HemnlysU  from  cutaneous  hypcrlhcr- 
mia,  303-308 

accnmpunies  fatal  |ilasma  levels,  308 
exposure  at  47(7,  mi  hemolysis,  303 
ex)swurt>  to  75C,  303-300 
lit  film  effects  of  heat,  300-308 

Herringtsinr  twill  chith,  carlxm  coat¬ 
ing,  543 

Heterocyclic  arsenienls,  86-87 

Hexamethylenetetramine 
a*  methyl-A/*(tM’JilonaHh.vl)^imlne 
preventative,  400-407 
ns  mustnnl  gas  stabilizer,  42, 07 
as  Jirophy  lactic  against  ketene,  20 

llexanitristi|ihenylamine,  ilermntitic 
tigiiil,  385 

Hexokinase  tls*iry  of  vesication,  500- 
501 

Hcymnti*’  systemic  hy|icrflicnmn 
studies,  308  360 

IlMamine-liko  xulwtnnre*  released  in 
rutamasis  injuries,  485-480 

Histidine,  imiikrzole  group,  401-405 
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IIM  pmecxx  for  nmxtard  gnx,  32 
HMD  prucmi  for  mnxtard  gnx,  32 
1IMT  (hexamethylenetetramine),  400- 
407 

l!M  war  gnx 
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(IIM);  Nitrogen  nmxtard gnx 
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xrr  Amincx.  Ir/^^ohlornol  hyl  X II X3); 
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IIQ  nmxtard  gax  mixture' 
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tllkxliglycnl  production  pmroxx,  31 
toxicity  to  miro,  55 
118  proeexx  for  muxtnnl  gnx,  32 
HT  mnxtard  gnx  mixture 
evaluation  for  war  ire,  Tit 
frrexing  |x>int,  44-. V? 
thitxliglyrnl  production  proeexx,  31 
toxicity  to  mioo,  55 
Hydraulic  fliliilx 

fluoridated  oxygon  <\*m|uMindx,  (133 
fluoment-tionx,  020  (133 
thin  film  xiu>|i<xt  <120*133 
Hydrochloride,  \-othyl  dirthnnnl- 
nmino,  fifl 

Hydrogen  cyanide,  7- III 
n»  n  war  gnx,  l» 
i  lot  rot  ion  motlnxlx,  II,  583-584 
ilrtonnlimtion,  (107 
dotoxlflmtion  nito  by  mnn,  11 
flnxhlng  in  munitiimx,  x 
lot  lull  dopp,  12 
ixlor  detectability,  1 1 
imtlmlogiml  cffi.-tx,  15 
phyximl  profioriHK,  7,  20 
piivxiohmirnl  cffeclx,  l.'i  tti 
rexpiralnry  xtimidntie-,  12 
Hlnlillity  in  xtorngr-N 
toxicity,  1 1  IS,  111 
llydrogoii  |x-ntxido  prep-ii-nti.iii,  (140 
Hydrogen  plmxpliite  (dinlkyl)xynthcxix 
of  <lii«i|iro|iyl  flnoroplioxplintr, 
I.3XI31I 

Hydrogen  ro|il<ioouiotil  l»y  fluonno, 
030  0.31 

llydro|HilM'  fuelx,  034  010 
nlkylnltitinmim  hydride*.  037  03V 
Iiliiminilin  Immliyilride,  035  ti30 
U-rrlliutti  coiii|mhiim|m,  03X 
lilliiiru  Ixirobydrkh',  (I'M  037 
lithium  hydride,  035 
text  mctliodx,  03X  030 
/4>llydn>xyptliyltiiiiiiM'x 
x<«  Amite-. 

lly|ier)M>t;i«xeiniti  from  rutnnmitx  liy- 
|x-i-iIh  .-min 


xrr  Plnxma  |xitnxxium  after  cutniie- 
onx  hyiietll.crm  in 

Hypochlorite  titration  of  muxtr.rd  gnx, 
002 

Ire-pack  trmtmcntx  on  vrxlrant  ex- 
poxed  xklii,  103-404 
lileiiti5Pnti<.ii  of  warfare  ngrutx,  588- 
5113 

xrr  aim  Detection  of  warfare  agent  x 
annlyxix  pmecdtirex,  5X0-5110 
llritixh  war  gnx  kit,  502 
derivntivex  determined,  500 
detection  vx.  ideiitifieatioii,  5X1 
K-10  rhemieal  agent  analyxer,  502 
equipment,  588 
functional  gnai|i  annlyxix,  500 
inlrroxenpic  profedurex,  50| 
moliile  lalnirnlnrkw,  501-502 
anmidc  imrifieatiim,  588-580 
xmoke  identification  kit,  503 
tabular  xummariex,  500 
Imidnxtilc  group  of  Itixtidinc,  4(11-405 
Immunological  xtialiex 
x rt  Kirin  immunology;  Vexiennt  im¬ 
munology 

lni|iiitging  deviepx  for  |inrtirulnte  xnm- 
iiling,  204-205 

Im|irrgnite  K,  Hritixh  vexiennt  detoxifi- 
ennt,  521-522 

Itakilyl  gnai|iH  of  |tniteinx,  react  Ion 
with  vexieantx,  432 

lnftnrtd  xprctwecopi  for  l)l)T  «k*- 
tenniniition,  (142  (143 
Inhalation  of  limit,  320-3*2.1 
alveolar  durlx  ami  alveoli  injury,  323 
nt  MMint  of  lienl  In  mie  I  went  It,  323 
miHMint  of  heal  Imnxfer,  xkin  vx. 
rexpiralory  tract,  323-325 
.  nxiling  rate  of  inhaled  air,  320-322 
ox|icri  mental  |H»rrdnrr,  .'120 
mueoxnl  wrmxix,  :)23 
primary  thermal  iiijmy  lo  lung-,  323 
xnmnmry,  325 

water  content  of  inhaled  gax,  324 
Inhalation  tnxiritiex 
xrr  Hex|iirato»y  ilnmnge 
Inlialnl  volume  |icr  brent  li,  12 
lu-eet  control,  04 1  (150 
DDT  emnixeitam,  1141  (112 
DDT  drteuiiitmtioi!,  (112  *144 
DDT  forniiihitiiaix,  (141  tilt* 
llliliridex,  (150 

rrjiellent  ini|Ki  ■glutted  elotb,  (410 
rcj.elktit  (woteetioM  littn’,  OIH  (.10 
reirllmit  xkin  I.  -Ux,  (H(i 
‘•(i-2-2"  rejx’llent,  (MO 
Inle-limd  xccrrtfonx,  effort  of  ex|xx.iire 
t«»  (i^ehlomrthyl )  xuKfcle,  4 17 
lodatc  thxeiilfale  titration  of  >  uixlard 
gnx,  (MM 


Indomctric  titration  of  nrxeuientx,  4WI5 
lod'Hdntinnte  text  for  muxtnnl  gnx,  582,'' ' 
003 

Iron  enrtxmyl,  175-178 
ax  warfare  agent,  178 
enrlton  monoxide  rclcnxc,  17(4 
Inbnlntion  vx.  injection,  178 
imrentcrnl  adminixl  rat  km,  177-178 
phyxiologieal  art  ion,  170-177 
xtintmnry,  173 
toxicity  by  inhalation,  177 
Iron  rontnincrx,  effect  on  mnxtard  gax, 

30 

Ixeliemla,  effect  tin  xkin  vulnerability 
tn  tliemud  injury,  330-.337 
lxo|mi|iyl<bix(ti-ehloruelhyl)nniiiie 
xrr  aim  Mtmgen  mnxtard  gnx 
imtlmJugy,  470 
tuxlelty,  tilt,  470 

lxo|mi|iyl-5ix(d-hydroxyt>tli.vl)iiniiiie,00 
Ixo|>ro|i.vl  etlinttcfliinmpiHixphoitutc 
xtrurture,  131 
toxicity,  151 

Ixo|iro|»yl'il-liydnixyetliylnniiiH>,  00 
Ixopropvl  mpthanefliHiro|ilMix|ilHmnte 

(MFI) 

prc|mmtion,  141  -142 
pro|iertiex,  142 
xtnieture,  131 
toxicity,  151 
vnjxir  toxicity,  154 

Ixoqtilnollnc  denvated  carlmmalrx, 
241-242 


Jn|mncxc  canixterx,  |*'tiolmlloii  by 
cyanogen  cliloriilc,  1 1 
Jet  motor  fuclx 

xrr  llytlro|Hilxc  foelx 

Kuluit  and  Ijeviue’x  eilratctl  pla«ma 
exiwrimcntx,  350  \ 

K.-dm'x  xyxtemie  liyiiertlicnnia  xtoily, 
300 

KIWI!  toxic  agi  lit 
«cr  Aliphatic  nitnpxxxirlKiltmte 
(Klt-lli) 

Ketene,  toxic  action  of,  20 
Kltnmxcli  lead  alkyl  pmrcxx,  S5 
Knowlton  ami  Starling’x  hy|x-rlhermiit 
xtndk’t.  300 
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Iwhnuum’x  toxic  va|tur  xtudica,  378 
Leaka*  from  vexieant  ‘aimx,  480-481 
Lrucnpenla 

mothybWaf/MihmiethylVflniinc  in* 
dured,  407,  409-470 
(/Khlortirth.vl)  xulfidc  induced,  453 
therapeutic  pntcnlurrx,  44i» 
Icucntoxine-lfke  xubxtanee  rriraxed  by 
eutanedux  Ixinrs,  485-480 
Levine  and  Knlmt’s  ritrated  plasma 
exporimentx,  350 
!/>vin»ti  in  muxtard  unit 
mr  M iixt mil  gax  of  la»vln»tvln  type 
Lanvin  and  Grant ’x  theory  of  hixtnmine 
ivleaxe  in  cutnneoux  injury,  48V- 
480 

IauvMtc,  8-4  85,  87-05 
air;ilnne  xpray  reh-nxe,  03  -04 
ftlixirr  fluid.  02 
Ixtmh  ex|>hixi<m  rrlpnxc,  03 
rhrmiral  pnqnTticx,  NO 
eompnrrd  with  muxtnrd  gnx,  88-80, 
03-04 

cormxive  effect  on  xliell  xtccl,  Ht 
detoxification  agents,  84-85 
gttaind  contxmiiuition,  03 
military  vnl'.ie,  88 
muxtnrd  and  lew  ini  to  mixtiimi,  84 
1010  xtudicx,  87-88 
protection,  wet  vx.  dry  riutblug,  87- 
88 

protection  agninxi  liquid,  04 
pml.-ctinn  ngnioxt  vn|»>r,  04 
xumitmry,  05 

therapeutic  agent,  HA1»,  04-05 
vnpnr  concentration  in  field,  03 
Lpwixitr  |(re|Mmti<Nt,  83  84 
Aluminum  chloride  nx  cntnlyxt,  83 
nmcnic  trichloride  preparation,  84 
cupnmx  chloride  nx  cntnlyxt,  81 
memiric  oxide  nx  cntnlyxt,  83 
liCwixite  toxicity,  81’  1M 
rompnred  with  nuixtnnl  gn<,  02 
evnluntion  criterion,  00-01 
eye  cttxtmlliex,  88  81»,  01  t!2 
liquid  toxicity,  01 

mectinnixm  of  injury  pnxluition,  487 
PNrenteral  ndmittixl  ration,  01 
rreplrntoiy  tract  effcctx,  88.  00 
xkin  vexienthm,  87, 00, 02 
summary,  55, 1)2  03 
xyxtemie  effects,  1X1  01 
viqnir  toxicity,  1X1 

I.i|N<mlit  from  ex|xwtire  to  (rt-ehhiro* 
etltyhxiillide,  450 
‘'Lipid  |Htftunnni:i ",  382 
LI|Niii|x,  liquefaction  in  tl.ernml  injure, 
352 

Lithium  Iximhyuridc,  030  037 
Lithium  hydride,  035 
Lubricants,  020  013 


fluorinnted  oxygen  c.»m|*xindx,  033 
fluomranxinx,  020-033 
thin  film  xtinliex.  020-031 
Lunx  damage 
«rc  ttcxpimtii.y  tlnmnge 

M-1  chkmunide  impregnating  act,  531 
M-l  eye  xotntion,  570 
M-3  moliilc  lnlxtrntory,  502 
M-4  protective  ointment,  525 
M-5  pmteetive  ointment,  527-528 
M-0  vn|x>r  deteetor  kit,  580 
M47A2  rax  Ixintlt,  120 
Mncm-im|tinger,  201 
Magnesium  enrixmate  dixnlfur  ticca* 
fltmride  pmteetion,  28 
MAmmutinn  eellx,  miotir  inlilhition  by 
vcxienntx,  437  438 
Mim-eiininlx>r  textx 
of  mnxtnrd  gases,  74-70 
of  nitrogen  muxtnrd  vn|x>rx,  75 
procedure,  282-283 

Mnrine  eggs,  miotic  tnhiltition  tty  vexi- 
cantx,  438 

MtirkownikofTx  rule  in  muxtnrd  gnx 
formation,  43 

Maxwrll-Holtxmann  energy  dldrihu- 
thm  luw,  351 
MCE  war  agent 

arc  Ethyl  dimethyhtmldocyiinnplMM- 
liliate  (MCE) 

MD  (methyldichiommine),  05-07 
Menkin’x  xtmlicx  of  inflammatory  ex* 
mlntcx,  485 

Mcrcnptanx,  examination  htr  war  itxe, 
45 

ff-Merrnptocthnnol,  31 
Merenrie  oxhle,  IcwWtc  catalyxt,  83 
Mercurimetric  titration  of  mustard 
gnx,  003 

Metalmiie  change*  in  xfcin 
after  heat  ex|xmnre,  352 
after  vesicant  expiautre,  400-500 
Metalx,  toxie,  173-178 
endmium,  173-175 
niekel  and  into  cnrixmyl,  170-178 
xelenitim  175 

Metitrnxigioliin,  nxe  with  cyanide 
INHMUling,  15-10 

Met  hyl-hi»(d-hy<lroxyct  hyl  (amine,  00 
Met  Ity  l-5/a(  (Milomrt  Ityl  )n  mine  ( i  I N2) 
arr  Amincx,  mel  hyLAK tf-chh ho- 
ethyl)  (1IN21 
Methylcnriwmntpx 
arc  Anutniic  cnrtiamatex 
Methyleclliilosc  xyxtem  of  rarixin  im* 
|irrgnation,  530-540 
Methyl  ehlorufortnnte,  1 13- 1 17 
Methyldieblomrxine  (MID,  05-07 
Met  It.vM  d-otiiorortjiyl  tft  liylenimimiitm 
eliloriile,  404 


t*MethyM*(0-chlnmethvlH,tiiylcuinin* 
nium  pirrylAutfimnte,  404 
t*Methyt*t*(d*hydnixyethyl)e!h.vleni- 
mnnlnm  pirrylmilfoniite,  400 
Methyl  flimronretnte,  150-172 
ax  war  gax,  170-17! 
chemical  pnqterliex,  102-103 
etmpanxl  with  oilier  agrntx,  170-171  \ 
detcctahility  by  odor,  170 
detection  and  analysis,  103 
fixtd  and  water  ixdxonlng,  171  -172 
meeiMniam  of  aethm  tlicorion,  107- 
100 

phyxiohigieal  meehanixm  titeoriex, 
167-109 

rodenticidc  ttac,  172 
•lability,  102-1(43 
aynlltcxlx  and  itrupcrtles,  150 
Methyl  flimraneetate  toxicity,  103-170 
animat  toxicity,  105-107 
ehemlenl  at  met  ore,  relation  to  tox¬ 
icity,  103-105 
death,  tflff-167 
human  toxicity,  170 
inhalation  toxicity,  100 
intravemaiH  injection  toxicity,  105 
latency  in  poisoning,  ICC 
oral  toxicity,  105 

Aultnilnnomx  Injection  toxicity,  105 
lhew|>y,  100 

Methyl  r-ffuorolxityrate,  lot 
Methyl  rdlnnaxH^hydraxylaityrate, 

102 

Meth\4  formate  in  di|thnagenc  pro- 
*  duet hm,  21-22 

Mel  hyM-chkimct  hyM-hydroxyet  hyf- 
nmlne  hydrochloride,  404-406 
Methyl  N-(d-rhlorix>ihyl)-X-nltreao- 
enrimmate 

arc  Aliphatic  nitmxocarimmate 
(Kit-10) 

Methyl-d-elihuoethyl  sulfide,  54 
Meyer  pmncxa  for  muxtard  gax,  30 
Meyer  reaction  of  aliphatic  nraenicmlx, 
85 

MElwnrgnx 

are  fxnpmpyf  mctlmncfluoropboxplxt- 
natp(MEI) 

Micntline  gnx  rltamlx*r,  283 
Micmpiprtx  for  muxtard  gax  textx,  53 
Mineral  oil  deterioration  of  earixtn- 
t rentei |  fultrirx,  M0 
Mixrellnmxxix  romixximlx  examined  ox 
citemieni  warfare  agentx(talilea), 
240-204 
Mltieidex,  030 

Miloxin  InhiMliei-  by  vexlcnntx 
in  manmmlinn  eellx,  437-438 
in  marine  eggs,  438 
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MM1)  (mam  median  diameter)  of 
clouds,  272-275 

aggregates,  effect  on  MMI),  273-274 
determined  by  eaacntle  ini|>nrtor, 
272-274 

determined  l»v  mkmaenpr  examina- 
tion,  272 

effect  «n  vesicant  action,  274  275 
nnnsphcrical  port  Wen,  273 
rWn  ekmds,  188-189 
Molecular  structure  in  relation  to 
veaieaney,  505-507 

Molecular  structure  of  warfare  a  Rent*, 
620 

Mtsuvhousr’s  systemic  iiyiterthermia 
studies,  30tl 
Mucunnl  necrosis,  323 
Munitiona 
ace  llonih* 
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